THE SYNTHESIS OF SONE GABA ANALOGUES: A CONTRIBUTION 
TO THE CHEMISTRY OF AMINOMETHYL-y-LACTONES 



A Thesis Submitted By 

CHI-LEUNG MO 

for the degree of 
DOCTDR OF PHILOSOPHY 
at the University of London 



Department of Chemistry, 
Birkbeck College, 
University of London. 



September, 1985. 



TO MY FAMILY 



r 



(i) 



.flCKNOULEDGCWENTS 

I uould like to express my gratitude to Dr. N. R. 
Williams for his invaluable guidance and encouragement 
throughout the course of this work. 

I uould also like to thank Or. S. ft. Roberts and 
his colleagues at Glaxo Group Research Ltd. and my 
colleagues at Birkbeck College for many helpful discuss- 
ions. 

1 am grateful for Dr. C. Gorinsky of St. Bartholomeu • s 
Hospital Medical School for organizing the biological 
testing of some of the compounds. 

Finally, I uould like to thank firs. C. PI. Chin for 
typing the thesis. 







(ii) 



ABSTRACT 

Y-Aminobutyric acid (GABA) is an inhibitory neuro- 
transmitter of wide distribution in the central nervous 
system. The phthalideisoquinoline alkaloid, bicuculline, 
is an effective inhibitor of the GABA-neurotransmission 
and it is believed that the action is due to the presence 
of the aminomethyl-Y-lactone moiety of this molecule. 
This uork was directed towards the synthesis of some 
neurophysiologically activB compounds which can mimic the 
action of GABA. The design falls into three categories: 
(1) monocyclic Y-lactones where the aminomethyl group is at 
the a-, 3 - or y -position of a lactone, (2) aza-heterocycles 
fused onto lactones and (3) sugar lactones with an amino- 
methyl group as part of the structure. 






The 3 -aminomethyl-Y-butyrolactone salts [(120a) and 
(120b)] were prepared by three methods. First, the common 
intermediate, the hydroxy compound (117), was made by 
either the Uittig-Horner reaction of the diacetoxypropanone 
(109) with the phosphonate (112) or an oxidation-reduction 
sequence on the vinyl-y -lactone (169) which was obtained 
by a Claisen rearrangement of a vinyl ether (167). This 
alcohol (117) was converted to the amine salts via the 
sulphonate (118) and the azide (119). Secondly, the 
hydrochloride salt (120a) was prepared by catalytic hydro- 
genation of the nitrD compound (1B2) which was produced 
by the Michael addition of nitromethane to S -butenolide 
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(iii) 



(181) and also from the Michael adduct of the a ,3 -unsat- 
urated ester, ( 1 07 )-»( 1 88 )-»( 1 89 )-»( 1 82 ) . Thirdly, the allylic 
bromide (200) uas converted to the unsaturated azide (202) 
and then to (120a) by catalytic hydrogenation . A phthal- 
imido derivative (203) uas also synthesized from the bromide 
(200). 



Two types of Y-arninomethyl-Y-butyrolactones were made. 
The optically active amino lactone (232) uas obtained from 
L-glutamic acid by a stereospecif ic lactone formation react- 
ion to afford the lactonic acid (225) uhich uas transformed 
into (232) through the esterif ication, reduction, tosylation, 
azidolysis and hydrogenolysis sequence. One of the common 
intermediates, the alcohol (228), uas also prepared from 2,3- 
isopropylidene-D-glyceraldehyde (260) by a Uittig-Horner 
reaction and folloued by hydrogenation and acid catalyzed 
lactonization. The piperidinium salt (246b) uas formed 
by the displacement of the tosylate (230) by piperidine 
and then passed through anion-exchange column. The 
diastereomeric azidomethyl-y-lactone (251) uas produced 
by either the azide displacement of the iodide (249) or 
the ring opening of the oxirane (257) to furnish the azido 
lactonic ester (259) and folloued by decarboxylation. 
Reduction of the azide afforded the amine salt (252). In 
fact, this salt (252) could also be obtained by a one-step 
synthesis starting from the phthalimido epoxide (272) by 
reaction uith diethyl sodiomalonatB and folloued by lac- 
tonization, decarboxylation and removal of the amino 
group protection uith aqueous acid. 



(iv) 









For comparison purposes, a -dirnethylaminomethyl-Y-buty ro- 
lactone salt (299a) uas successfully prppared by a literature 
method. However, attempts to obtain the parent amino com- 
pound (308a) ui_a the alcohol, sulphonate and azide inter- 
mediates or by catalytic hydrogenation of the nitrile (306) 
failed. 

An attempt uas made to prepare the pyrrolidine-y-lac- 
tone (316) via the intermediacy of the epoxide (314) failed. 
A further attempt of making the corresponding piperidine 
analogue by the same methodology also failed. However, an 
isomeric mixture of piperidine-lactones [(341) and (342)] 
could be obtained via diethyl py ridine-3,4-dicarboxylate 
through monosaponif ication, reduction of the ester group, 
lactonization and finally catalytic hydrogenation. 

These primary and secondary ammonium salts were 
derivatized as the corresponding benzamides to facilitate 
the characterization of the hygroscopic salts. 

In the sugar lactone series, 5-amino-5-deoxyribono- Y 
-lactone (349) uas prepared using a reported procedure. 
The a,6-unsaturated 6-lactones [(357) and (358)] were 
synthesized from the 2,3-dihydroxygluconolactone (356) 
vria B-elimination of acetic and tosic acids. However, 
the conversion of these a, B~unsaturated esters to branched- 
chain sugars by means of the Michael addition of nitrome- 
thane failed. 
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INTRODUCTION 

In this section of the thesis, some Fundamen- 
tal aspects of the central nervous system are mention- 
ed before ue touch upon the biology and chemistry of 
Y-aminobutyric acid (GABA) and its analogues. 



(t) The neural 



pa thuay s 



The main structural units of nervous systems 



are 



nerve cells, or neurones. Each typically con- 
sists oF a nucleus-containing cell body and of one or 
more filamentous processes, or fibres extending Buay 
from the cell body (Figure 1). Nerve fibres that carry 
impulses towards the cell body are dendrites; those 
carrying impulses auay are axons. 
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Figure 1 TYPICAL VERTEBRATE IMEU 
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Adjacent neurones are not fusBd together struc- 
turally. They interconnect functionally at a synapse, 



the region where the fibre terminals of the neurones 
come close to each other (Figure 2). According to 
their position within a reflex arc, sensory neurones 
transmit impulses from a receptor to a modulator, and 
motor neurones transmit from a modulator to an effector. 
Neurones within a modulator are known as interneurones . 
Groups of nerve fibres frequently traverse a body 
region as a single collective fibre bundle, or nerve. 
Nerves are designated as sensory, motor, or mixed, 
depending on whether they contain sensory fibres, motor 
fibres, or both. 
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Figure 2 NEURAL PATHWAY PATTERNS 
By far the most complex nervous systems are those 
of vertebrates. The main parts are an anterior brain, 

a posterior spinal cord, and the peripheral nerves con- 

2 3 
necting with these organs. * Within brain and spinal 

cord are interconnected, fluid-filled spaces, the brain 

ventricles and the spinal canal. The major divisions 

of the brain are the forebrain, the midbrain, and the 

hindbrain (Figure 3). It has been recognized that dif- 



ferent regions of the brain govern all sorts of import- 
ant functions uf the body. *' For example, the olfac- 
tory lobes in the forebrain, are the centres for the 
sense of smell. 
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Figure 3 MAMMALIAN BRAIN ANO SPINAL CORD - SCHEMATIC 

VIEU 

There are also some areas of the brain uhich 
are of importance in neurochemistry f e.g . f the sub- 
stantia nigra, and the limbic system. 

(2) Hou a message is sent 

(2.1) lectrical transmission in neurones 



Because cell membranes are not equally porous 
to all cations and anions, most cells of the body have 
concentrations of these ions inside the cell uhich are 
different from those found in the extracellular fluids. 
The membranes of most cells appear to be quite permeable 



to potassium and chloride ions * but they have a 
mechanism colloquially called the " sodium pump "^' 9 
which keeps the intracellular sodium ion concentration 
considerably lower than that on the outside. Since 
the potassium ions remain inside the cell where they 
are electrostatically attracted to large electrone- 
gative non-permeating proteins, there is an imbalance 
in electrical charges. This imbalance results in the 
interior of the cell being electronegative compared to 
the exterior, and the electrical potential thus gene- 
rated, which averages 70 mV, is known as the resulting 
membrane potential. 






Electrical transmission within neurones begins 
with a sudden, localized and transient increase in 
membrane permeability to sodium ions, an increase which 
is believed to arise from the loss of calcium ions from 
the pores in the membrane. This increase in permeability 
leads to a diffusion controlled influx of sodium ions. 
Some potassium ions are consequently displaced, but as 
the rate of efflux of potassium ions is very much slower 
than the rate of influx of sodium ions, the membrane 
potential is reversed as the inside of the cell becomes 
positive relative to the outside. In this condition 
the neuronal membrane is said to be polarized. As the 
sodium pump re-asserts itself the sodium ions are pumped 
out and the polarity reverts to normal. The resultant 
changes in membrane potential is shown on the diagram 
(Figure 4). 
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Figure 4 CHANGES IN MEMBRANE POTENTIAL DURING DEVELOPMENT 
OF AN ACTION POTENTIAL 



The action potential moves down an axon, because, 
all along the length of a non-rnyelinated axon, there 
are channels uhich are selectively permeable to either 
sodium or potassium ions. The action potential is trig- 
gered by a signal from the cell opening a sodium channel 
uhich allous sodium ions into the cell thus reversing 
the polarity. The existence of the action potential 
then closes the sodium channel, opens the potassium chan- 
nel and reverses the ion flou. Moreover, the presence 
of an action potential in one part of the axon opens 
sodium channels in an adjacent part and this propa- 
gates the action potential along the axon. After a 
suitable interval of time, the process can be repeated. 
In myelinated neurones, the process is similar except 
that the exchange of ions only takes place at the nodes 
of Ranvier (Figure 1) and the action potential has to 
jump betueen adjacent nodes. 







5ince the value of the action potential is 
essentially controlled by the molecular properties 
of the neuronal membranes, this cannot be altered for 
a given system. The only mechanism for varying the 
degree of response is to alter thB number of impulses 
generated in a given time. The arrival of the action 
potential at the synapse releases the neurotransmitter 
(sbb later). 



(2.2) The synapse 



The concept that neural pathways are interrupted 
at specific junctional points, uas derived first from 
the physiological observation that there is an irre- 
ducible delay period inherent in reflex responses to 

sensory stimuli, and that neural conduction occurs only 

1 g 
in certain directions. In the advance of electron 

microscopy, a considerable amount of physiological 

and pharmacological knowledge has been correlated 

with the morphological basis of synapses and their 

molecular organization. Since individual chBmical 

synapses conduct only in one direction, some type of 

asymmetry might be expected in their structure. The 

most common type of synaptic junction is that bBtueen 

an axon and a dendrite or a soma. Electron micrographs 

of typical synapses are shown below (Figure 5). 










Figure 5 ELECTRON MICROGRAPHS OF SYNAPSES IN CAT OCULO- 
MOTOR NEUCLEUS. 

A presynaptic terminal (A) makes synaptic 
contact with a large cell body (5), and under 
this synapse are a number of postsynaptic 
dense bodies (1). The insets shou a similar 
synapse on a cell body and on a dendrite (D). 
Magnification X 30,00Q (insets, X 50,000). 
(From Pappas and Uaxman, 1972.) 



(2.3) Chemical transmission 



The synaptic junction is a gap of some 200-500 8 
wide. It is represented here in a diagrammatic schema 

indicating the multiple sites of drug action at a GABA 

1 2 

synapse (Figure 6). 
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Figure 6 AN ILLUSTRATION GF THE PROCESSES AND 

THE RECEPTOR COMPLEX IN A GAbA SYNAPSE 
AND OF THE SITES OF ACTION OF VARIOUS 
GABA ANALOGUES (REFERENCE 12) 



The neurotransmitters are synthesized in the 
neurone, then stored in vesicles to prevent their de- 
gradation by the enzymes present in the cytoplasm of 

1 3 
the axon. The vesicles migrate to the cell membrane 

at the synapse and as a result of the neuronal impulse 
transmitted by the axon the contents are released into 
the synaptic cleft. ThB neurotransmitter diffuses across 
the gap and combines uith its own specific site knoun 
as a receptor on the other side of the cleft. The 
process of combining uith the receptor then initiates 
a response in the second tissue, the nature of the res- 
ponse depending on the precise location of the synapse. 13 
If the synapse lies betueen two neurones, the response 
may be to initiate or prevent a subsequent nerve impulse. 



In the first case the process is said to be excitatory; 
in the second, it is inhibitory. 
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In both these situations, however, the very dif- 
ferent responses are believed to arise from the chemical 
to receptor interaction affecting the character of the 
cell membrane. In particular, alternations in the per- 
meability of the membrane to inorganic ions, such as 
sodium, potassium and calcium are strongly implicated. 
After the initiation of the effect, the neurotransmitter 
is released from its receptor and deactivated in a num- 
ber of ways. For some neurotransmitters, most notably 
acetylcholine, enzymes are present in close proximity 
to the cleft which can metabolize the transmitter. For 
others, the presynaptic axon or the associated glia cell 
has specific uptake processes uhich absorb the released 
transmitter. Frequently, the neurotransmitter is re- 
moved by diffusion into the extracellular fluids. 






The role of the synapse is to allow a graded re- 
sponse to occur in the system with a finite limit. The 
response to a neurotransmitter is directly related to 
the amount interacting with the receptor, the existence 
of a finite number of receptors preventing the system 
being overloaded. 



(2.4) Neurotransmitters 



Historically, the pioneering concept of chemical 
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transmission was First expressed by Du Bois Reymond 
(1877) and by Loeui ( 1903 ) 1 4 ' 1 5 , However, the most 
convincing proof of the chemical theory was shown 
experimentally in ca. ig30«s and 1940's for acetyl- 
choline and catecholamine transmissions not only in 
smooth muscles, and finally in the central nervous 
system as well, by investigators, including Dale, Feld- 
berg, Krayer, Cannon, Uoigt, bacq and von Euler. 



(2.4.1 )ldentiPication of neurotransmitter nanriiriat- 



es 



A substance is only valid to be called a trans- 
mitter of a certain synaptic connection if the following 
criteria have been established 16 . 

(a) if it is present in presynaptic elements 
of neuronal tissue; 

(b) if precursors and resultant enzymes are 
present; 

(c) if it is released from the presynaptic 
nerve; 

(d) if thBre is a special receptor present; 

(e) if an antagonist can halt interaction of 

the substance with its receptor and agonist 

1 7 

acts otherwise . 

( 2. 4. 2 ) Neurotransmitter candidates 



They may be classified as inhibitory or excita- 
tory, depending on the electrophysiological response to 



15,18-20 
them. Some of the more important compounds are 

listed in Table 1 . 



TABLE 1 



NEUROTRANSMITTER SUBSTANCES 
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Transmitter 



Synonyms Abbreviation 



Acetylcholine 
Dopamine 

Gamma arninobutyric acid 
Glutamic acid 
Glycine 

5-Hydroxytryptamine Serotonin 
Norepinephrine Noradrenaline 

Arterenol 



ACH 
DA 

GAB A 
Glu 

Gly 

5-hT 
NE 



(3) Y-Aminobutvric acid (GABA) ; the CN5 neurotrans- 
mitter 



(3.1) Discovery and distribution 

The presence of the neutral amino-acid, Y-amino- 
butyric acid [GABA, (l), see p. IfiJ in extracts of brain 
tissue uas first demonstrated in 1950, 21 » 22 but its 
potency as a central nervous system (CNS) depressant 
uas not immediately recognized. In the crustacean stret- 
ch receptor, GABA mimicked the actions of stimulation 
of the inhibitory nerve. Kravitz and coworkers demon- 
strated that GABA uas the only inhibitory amino-acid 
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found exclusively in the inhibitory narwR in the crus- 
tacean and that the inhibitory potency of extracts of 
this nerve uere accounted for by their content of GABA. 
Release of GABA uas then correlated uith the frequency 
of nerve stimulation. Intracellular recordings from 
the muscle indicated that the inhibitory nerve and GABA 
produced identical increases of Cl~ conductance in the 
muscle. These observations (see previous section on 
identification of neurotransmitters) thus fully satis- 
fied the criteria for a transmitter by Utsuka 24 in 1973. 
It uas proposed to be a CNS postsynaptic inhibitory 
transmitter in 1975. 25 



These same physiological and pharmacological 
properties were later found to be useful models in 
tests of a role for GABA in the CNS. Evidence strong- 
ly supports the idea that GABA mediates the inhibitory 
actions of local interneurones in the brain regions 
rostral to the spinal cord, and that GABA may also 
mediate presynaptic inhibition uithin the spinal cord. 24 * 26 
Presumptive GABA-ergic inhibitory synapses have been 
demonstrated most clearly between cerebellar Purkinje 
neurones and their targets in Deiter's nucleus; between 
small interneurones and the major output cells of cere- 
bellar cortex, olfactory bulb, hippocampus, and the 
lateral septical nucleus. GABA may also mediate the 

effects of inhibitory neurones uithin the cerebral cor-> 

27 
tex. The existence of a GABA-ergic pathway from cau- 
date nucleus to substantia nigra is supported by neuro- 
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TO <t n 

chemical and cytochemical evidence . 

( 3 « 2 ) The synthesis and metabolism of GABA within a 
presynaptic neurone 

This is represented by the so-called " GABA shunt " 
(Figure 7). 

As can be seen from the diagram, glucose from out- 
side the neurone is the fundamental precursor of GABA, 
through the tricarboxylic acid cycle 31 and eventually 
produces the starting material, glutamic acid, which is de- 
oarboxylated to GABA. The extensive literature on this 
subject has been summarized in a series of reviews # 3D » 32 - 3 ^ 
Recently there uas also a chemical study on the stereo- 
chemical course of the formation of GABA by decarboxy- 
lation of (2S)-glutamic acid. 35 
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Figure 7 ■ GABA SHUNT " IN NERUQUS TISSUE 
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( 3 ' 3 ) Pharmacol ogical interventions in the GABA system 

Based on the available information concerning the 
complicity of GABA in various diseases, decreased funct- 
ion of the GABA system contributes to the pathogenesis 
of these CNS illnesses. 36 So far hyper-activities of 
GABA synaptic processes have not bBen demonstrated in any 
diseases. Consequently strategies for pharmacological 
manipulations of GABA synaptic mechanisms must aim at 
stimulation of GABA neurotransmission. 12 ' 37 The differ- 
ent steps involved in the course of GABA synaptic trans- 
mission (see Figure 6) (p. a ) have been extensively stu- 

,. . 36b-d,37,38 
ai8d » but our knowledge of the mechanism of 

action of GABA at thB molecular level in different sy- 
naptic process is still very incomplete. 



The synthesis of GABA from glutamic acid is 
catalyzed by GAD, and GABA is transformed into succinic 
semialdehyde (Ssa) by GABA : 2-oxoglutarate aminotrans- 
ferase (GABA-T). 39 Activitation of the receptor-iono- 
phore complex by GABA results in inhibition of the firing 
of the postsynaptic cell via hyperpolarization of the 
cell membrane. 13b The synaptic transmission is ter- 
minated by transport of GABA from synaptic cleft into 
nerve terminals and glia elements via high affinity up- 
take systems. Extracellular enzymatic degradation of 
GABA apparently is not involved in the termination of 
GABA neurotransmission. 3,7 






There are several potential pharmacological 
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sites of attack in the GABA synapses. 12 ' 37 A feu of 
the principles and puasibilities for stimulation of 
GABA neurotransmission via pharmacological intervent- 
ion of various synaptic processes are summarized as 
belou :- 



(a) use of GABA-T inhibitors; 

(b) inhibitors of GABA uptake; 

(c) GABA receptor agonists; 

(d) GABA receptor antagonists. 

(3.4) Functions of GABA and its dysfunctions in re- 
lation to neurological and psychiatric disorders 

GABA is involved in the regulation of many phy- 

*%t f\ h 

siological functions, including blood pressure and 
heart rate, secretion of prolactin and other hormones, 41 
and sensation of pain and anxiety. 43 It is also known 
that some drugs may act on GABA-mediated inhibition, e.g. , 
benzodiazepines, 4 e bacleofen, 44 barbiturates, 45 butyro- 
phenones, morphine and alcohol. 48 



Dysfunctions of the GABA system have been recog- 
nized as the causes of some neurological and psychiatric 
disorders, e.g. , Huntington's chorea, Parkinson's dis- 
ease, Schizophrenia and epilepy. 



(4) GABA analogues 

The study of neurotransmitters in both central 
and peripheral pathways is generally facilitated by thi 
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use of selective agonists and antagonists, for example, 
acetylcholine, catecholamines 49 ^ 50 and morphine-re- 
ated analgesics. For Y-aminobuty ric acid [GABA,(1)], 
it is possible to find agonists and antagonists from 
natural sources, e.g. . muscimol 52 (2 ) and bicuculline 53 
(3) from the plant kingdom. ThesB compounds can be 
used to study the behaviour of GABA receptors. 54 
Useful information has been gained from structural- 
activity-relationship studies uith other neurotrans- 

55 
mitters. A recent study has led to the discovery of 

drugs acting at the H ? receptors 56 [ e.g. . ranitidine 
(4), anti-ulcer drug]. In this connection, the quest- 
ion of the influence of the stereochemistry of GABA on 
its biological and pharmacological activities assumes 



considerable importance. 
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The stereochemistry of GABA and its analogues 
has been uell studied. 54b ' 58 Compounds prepared have 
usually been based on the structure of GABA in uhich 
some structural feature is systematically varied or in 
uhich conformational flexibility is restricted ( e.g. . 
in acetylcholine analogues 49 ). In fact GABA can exist 
in a wide variety of shapes. At least tuo of them are 
recognized to be the most important conformations, name- 
ly the extended and folded structures 503 [(5) and (6)1. 



The conformational mobility can be reduced in 
analogues of GABA by the incorporation of bulky sub- 
stituents, unsaturation, carbocyclic rings, hetero- 



18 



cyclic rings, or combinations of these. Furthermore, 
interactions with various receptors can be hindered or 
facilitated by the presence of particular functional 
groups at certain positions. Such interaction can be 
investigated systematically by ideas in drug design 59 
such as isosteric replacement of functional groups in 
a drug molecule so that the modified compound will act 
at the same receptor site. The manipulation of the 
structure of GABA according to these ideas has well 
been studied in dealing with synthesis of its ana- 
logues . 54b ' 54d - f • 60 The following is a tabulation of 
some of the analogues and their reported biological 
activities (TablB 2). 

TABLE 2 



Compounds 



^-alanine 



6-aminohexanoic 
acid 



3-aminapropane- 
sulphonic acid 



3-aminophospho' 
nic acid 



3-aminoboronic 
acid 



No. 



9a 



9b 



9c 



Neurophysiological 
activities 



relatively active 
CABA agonist 



inactive as an 
agonist 



selective GABA 
agonist 



ueak receptor 
agonist , 



inactive 



References 



61 



62 



63 



64 



62 
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TABLE 2 (cont.) 



Compounds 



N-hydroxy-4- 
aminobutyrarnide 
(i.e., y-amino- 
butyrohydroxamic 
acid 



No. 



cetyl-GABA (and 
other esters) 



N-dodecyl-4- 
aminobutyramide 



ethanolamine-O- 
sulphate 



ethylenediamine 



3- guanidinopro- 
pionic acid 



N-benzoyl-GABA 



sodium 4-hydr- 
oxybutyrate 



3-hydrazino- 
propanoic acid 



3-aminooxy- 
acetic acid 



4-rnethyl-GABA 



9d 



9e 



9f 



11 



12 



13 



14 



15a 



15b 



16 



Neurophysiological 
activities 



weak inhibitor of 
GABA-T 



anticonvulsant 
agent 



References 



GABA uptake in- 
hibi tor 



irreversible in- 
hibitor of GABA-T 



selective glia 
GABA uptake inhi' 
bitor 



potent on GABA 
receptor assays 



has anticonvulsant 
activity 



effective in CNS 



potent inhibitor 
of GABA-T 



inhibitor of GABA- 

T 



moderately potent 
on GABA binding 
and uptake 



65 



66 



67 



68 



69 



70 



71 



72 



73 



74 



75 
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TABLE: 2 (cant.) 









1 

Compounds 


No. 


Neurophysiological 
activities 


References 


ft-(£-chlorophen- 
ylJ-GABA (baclo- 
fen) 


17 


acting on CNS; de- 
pressant of spinal 
cord; (-)-isomer 
is more active 
than (+)-isomer 


76 


2-amino-GABA 


18 


potent GABA inhi- 
bitor; (5)-(+)- 
isorner is more 
active as inhi- 
bitor for GABA 
neuronal uptake 


77 


3-hydroxy-GABA 
(GABOB) 


19 


potent inhibitor 
of GABA uptake 


78 


5-aminolevulinic 
acid 


20 


weakly active 


79 


3-amino-2-oxopro- 

prane-sulphonic 

acid 


21 


as potent as GABOB 
at inhibiting GABA 
binding 


80 


cis and trans- 
4-amino-cro- 
tonic acid 


22 
(a,b) 


trans-isomer is 
more active as 
an agonist on 
binding site and 
GABA-T inhibitor 


81 


4-aminotetro- 
lic acid 


23 


weak inhibitor of 
GABA uptake; inhi- 
bitor of GABA-T 


B2 


y-acetylenic 
GABA 


24 


irreversible GABA- 
T inhibitor 


83 


Y-allenic GABA 


25 


not tested 


84 



TABLE 2 fcont.) 
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Compounds 



(5)-4-amino- 5- 
nydroxypentan- 
oic acid 



progabide 
(SL76D02) 



2-aminomethyl- 
cyclopropane- 
carboxylic acid 
(and other car- 
bocyclics ) 



3-aminocyclo- 
hexanecarboxy- 
lic acid 



Gabaculine 



3-aminobenzoic 
acid 



g-proline 



pyrrolidin-3- 
ylacetic acid 



kainic acid 



No. 



26 



27 



28 
(a,b) 



29 



30 



31 



32 



34 



Neurophysiological 
activities 



time-dependent, 
irreversible in- 
activator of GABA 



a GABA-mimetic 
compound 



GABA agonist; 
t_rans- isomer is 
more active than 
the cis-isomer 



cis -isomer is a 
selective inhibi- 
tor of GABA up- 
take 



patent inhibitor 
of GABA-T 



inactive 



lou GABA-mimetic 
activity on up- 
take 



equipotent with 
GABA as a neuronal 
and glial uptake 
inhibitor 



neuroexcitatory 
activity (gluta- 
mic acid agonist) 



References 



85 



86 



37 



88 



89 



58b 



90 



91 



92 



TABLE 2 (cont.) 
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Compounds 



phenylpyrroli- 
done 



benzylpeni- 
cillin 



4-methyl-£ - 
caprolactam 



Y-butyrolac- 
tone (B-aryl- 
Y-butyrolacton- 
es) 



a-(substituted 
amino)-Y-buty- 
rolactones 



3-aminobBnzyl- 
phthalides 
(and other 
aminomethy 1- 
phthalides) 



0,L-g-aminame- 
thyl-y-(o-chla- 
rophenyl )-y- 
butyrolactone 



5-(aminomethyl)- 
3-hydroxyfuran-2 
(5H)-one 



No. 



35 



36 



37 



38a 

(:58b) 



39 



40 



41 



42 



Neurophy siological 
activities 



increase the am- 
plitude of induced 
potentials in 
postganglionic 
fibres 



GABA antagonist 



possesses CNS 
and convulsant 
activities 



slows the Tiring 
rate of dopaminer- 
gic neurones 
(psychotropic 
agent) 



has anticonvul- 
sive and seda- 
tive effects and 
also as strych- 
nine antagonists 



ueak CNS activity 
(also tested as 
analgesics) 



CNS depressant 

activity 



shoued negligible 
activity as a GABA 
agonist 



References 



93 



54f & 94 



54f & 95 



54e 

& 

96a-b 

(96c) 



97 



98 



99 



100 



TABLE 2 (cont.) 
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Compounds 


No. 


Neurophysiological 
activities 


References 




securinine* 
(and other lac- 
tonic alkaloids) 


43a 

(43b 
-c) 


shoued strychnine- 
type activity and 
is a GABA receptor 
antagonist 


101 




pilocarpi ne 
(and analogues) 


44 


has cholinergic 
activity 


102 




cis-1-methylpi- 
peridine-4,3- 
acetolactone 
methiodide 


45 


shoued a ueak at- 
ropine-like anta- 
gonistic Bffect to 
acetylcholine 


103 




nipecotic acid 


46 


potent and selec- 
tive inhibitor of 
GABA uptake 


104 




isoguvacine 


47 


selective GABA 
agonist 


105 




piperidine-4- 
sulphonic acid 


48 


GABA agonist; not 
affecting GABA up- 
take 


106 




muscimol 


2 


potent agonist; 
ueak inhibitor of 
GABA uptake; not 
a substrate for 
GABA-T 


107 




4,5,6,7-t^tra- 

hydroisothia- 

zolo[5,4-c]py- 

ridin-3-ol 

(THIP) 


49 


GABA agonist; 
possesses anal- 
gesic properties 


108 



Footnote (see p. 25) 



_ 



TABLE 2 (cont.) 
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Compounds 


No. 


F— — — 

Neurophysiological 
activities 


I 
Ref Hrences 


5,6,7,8-tetra- 

hydro-4H-isox- 

azolo[3,4-d] 

azepin-3-ol 

(ISOTHAZ) 


50 


GAFiA antagonist 


109 


5-(2-amino- 
methyl) hy- 
dantoin 


51 


almost inactive 


110 


quisqualamine 


52 


CNS depressant 


111 


Kojic amine 
(and deriva- 
tives) 


53 


a GABA-iike 
compound 


112 


t,-butylbicy- 
clophosphate 


54 


GABA antagonist 


1 13 


tetramethyl- 

BnedisulphatE- 

tramine 


55 


GABA antagonist 


114 


valproic acid 


56 


anticonvulsant 


115 


2,6-c-dime- 
thyltyrosine- 
D-amino acid- 
y-aminobutyr- 
amide 


57 


analgesic 


116 


avsrmectin A,, 
1 b 


5B 


anthelmintic; 
believed to in- 
terfere uith thB 
GABA transmis- 
sion 


117 



footnote: 
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* Securinine (43a) uas first located in a Chinese 
publication ' on the more recent pharmacology of this 
compound in August, 1931. Due to the similarity of 
this substance to one of the conformational structures 
of GABA, it uas felt that the strychnine-type of acti- 
vity of this compound might be a urong interpretation, 
and it might be due to a GABA antagonistic effect. 118 
Attempts uere made to get hold of some of this alka- 
loid but uere in vain. Recently, a communication uas 
published by a joint American-Australian team under 
the leadership of Professor Curtis. 101b It has been 
demonstrated that securinine is a stereospecif ic GABA 
receptor antagonist of restricted conformation [i^e . , 
a classical receptor antagonist, uhich can block the 
bicuculline-sensitiv/8 receptor; a GABA R receptor an- 
tagonist is one that inhibits the bicuculline-insen- 
sitiue receptor, uhich is agonized by baclofen 433 
(17)]. This leads to the speculation that the other 
lactonic alkaloids : tuberstemonine and related com- 
pounds ' [e^., stemoninine (43b), isostemotinine 

etc] and dendrabine (43c) may possess GABA 

activity. One interesting point about the structure 
of dendrobine is that it has an aminomethyl-Y-lactone 
moiety like securinine and also contains the cage 
structure of picrotoxinin (59). 






H2NCH 2 CH2C0 2 H 
(?) 



H 2 N(CH 2 ) 5 C0 2 H 
(a) 



H 2 N(CH 2 ) 3 X 
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a : X = 




n 

50H 
II 

D 



X = 



. 
it 

I?— UH 

OH 






X - Bd 2 OH 



e : X = CO-cetyl ; f 




(9) 





H 2 NCH 2 CH 2 OSOH 




CNCH 

II 

OH 



X = 



CN-C„ H. 



lip '12 n 25 



H 2 NCH 2 CH 2 NH ; 






do) 



(11) 



H 2 N-C-NHCH 2 CH 2 C0 2 H 
NH 



PhCN(CH 2 ) 3 C0 2 H 

OH 



(12) 



(13) 
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HOCH 2 CH 2 CH 2 C0 2 Na 



XCH 2 C0 2 H 



(1*5 


a : X = H TJ N — CH 

H 




b : X ■ H MO 




(15) 


H 2 NCHCH 2 CH 2 C0 2 H 
CH 3 


H 2 NCH 2 CHCH 2 C0 2 H 




M 


(16) 


CI 

(17) 


H 2 NCH 2 CH 2 CHC0 2 H 
NH 2 


H 2 NCH 2 CHCH 2 C0 2 H 
OH 


(18) 


(19) 


H 2 NCH 2 CCH 2 CH 2 C0 2 H 



H 2 NCH 2 CCH 2 S0 3 H 

o 


(20) 


(21) 


H 2 Ns s/ ^v/C0 2 H 
H 


H 2^ \ c02H 


(22a) 


( ??h) 



H 2 NCH 2 -C=C-C0 2 H 



(23) 



= -CHCH 2 CH 2 C0 2 H 



NH- 



(24) 
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-•=-CHCH 2 CH 2 C0 2 H 



NH. 



(25) 



H 2 NCHCH 2 CH2C0 2 H 
CH 2 OH 

(26) 



r^V 0H ^CONH 2 




CI^S 




H 2 N^ J-^*W 






Progabide (5L76[in2) 




(27) 


(28a) 


H 2 Nv/' N -C0 2 H 


h 2 ny^y*co 2 h 


(28b) 


(29) 


H 2 N Y^Y C0 2 H 


C0 2 H 


u 


k^NH 2 


(30) 


(31) 


^C0 2 H 

NT 

H 


^co 2 

Si' 

H 



(32) 



(33) 



C0 2 H 




. N , 'C0 2 H 
H 

(34) 




0=k N >-Ph 
H 

(35) 
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PhCH 9 CN v 




C0 7 H 



(36) 




(37) 



R 



(38) 




OCH 



0- 



:0 



a : R = H 
b : R = Ph 




(40) 



•0' 



J=0 



CO- n Bu 

/i 





R ■ H ; a | ft' a 



' b : R 



c : R 
(39) 



C\-^~\ CH 2 N^] 








(41) 






HoN 




(42) 




SecurininB 
(43a) 
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xr N o 



Sternoninine 
(43b) 



CH3~ 




-H 



Dendrobine 
(43c) 




II 








Et 



CH- 



I 
ft 




N 



Pilocarpine 
(44) 




(45) 



r ^ s s y .C02H 



H 



Nipecotic acid 



(46) 



C0 2 H 



k 



N 
H 



Isoguvacine 

(47) 
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OH 
= 5 = 




H 



(48) 



HO 




THIP 
(49) 



H0^ NN 




I.JTHAZ 
(50) 



H 2 N 




fP 



HN NH 



I! 





(51) 



0= /°^NCH 2 CH 2 NH 2 

h nJ *o 



Quisqualamine 
(52) 





u 



h 2 n / nJ[ J) 



'0' 

Kojic acid 
(53) 



= P-0 



,0 

-c 




o- s 

o^ \ 




tk ^0 



\ ^ 



'0 



N 



(54) 



(55) 
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f H 3 

CH 9 

i * 

CH 2 
CH 3 CH 2 CH 2 CHC0 2 H 

(56) Valproic acid 



DL Di H 3 D r h — 

H 2 NCHCN-CH-CNCH 2 CN-CH-CN-eCH 2 ) 3 CONH 2 

H 2 C OH OH OH 

H 3 c Y^Sr CH 3 

(57) 




II I 

OH 



OCH- 



^0-^0- 




OiT - 




(58) Averrnectin A 



1b 
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( 4 « 1 ) V-Lactones as GABA antagonists 

GABA antagonists, which can induce seizures and 
convulsions in animals, are invaluable tools fcr phar- 
macological characterization of GABA receptors. 543 
In fact, there are at least tuo kinds of mechanism 
controlling the postsynaptic receptor complex, namely, 
the receptor and the picrotoxinin sites 119 {see Figure 
6) (p. 8). The tuo main classes of chemicals which are 
responsible for these functions are the phthalidei: 
quinoline alkaloid, bicuculline (3) (p.<| 6 ) and the 
sesquiterpene, picrotoxinin (59) (p. 37). 



.so- 



(4.1.l) (+)-Bicuculline (3) 

Bicuculline as the hydrochloride and its more 
soluble methochloride salt are the most commonly used 
GABA antagonists. Some other phthalideisoquinoline 
alkaloids, such as corlumine (60) and hydrastine, are 
active antagonists. 583 Opening the lactone ring in 
bicuculline leads to inactive bicucine. However, 
esterification of the carboxy group restores activity, 



60a 



as 



in bicucine methyl ester hydrochloride (61). 



Since the discovery that bicuculline is a 
specific GABA antagonist, many theoretical and ex- 
perimental studies have been made to determine the 

precise structural relationship between GABA and its 

120 
receptor. The antagonistic properties of bicucul- 



line in relation to GABA w 



ere attributed to the alkaloid 



34 






molecule being isosteric uith the biologically active 
conformation of GABA, enabling the bicuculline mole- 
cule to compete successfully uith GABA far a portion 
of its receptor. The absolute configuration of crystal- 
line bicuculline has been determined by X-ray crystallo- 

121 
graphy (Figure 8). The relative configurations of 

the asymmetric carbon atoms in the molecule are of 
greatest interest. The central part of the bicuculline 
molecule is illustrated schematically in Figure 8b, 
which can be compared uith the GABA molecule (Figure 8c). 
It has been established that in this conformation of 
crystalline bicuculline the M,^ and 0- v atoms are anti- 
periplanar (almost trans ) in relation to the £, , - C, 
bond. The fully extended form of GABA requires only a 
slight constraint in order to correspond to the bicucul- 
line conformation in the crystalline state. The carboxy 

group of GABA is isosteric uith the group of 0, N . n, N 

(1 )' (2) 

and C( 2 6) atoms of bicuculline. The configuration of 
bicuculline corresponding to the extended form of GABA 
is consistent with data obtained in a study 122 of the 
steric structure of one of the crystalline forms of the 
Copper(Il) complex of GABA. Furthermore, the configu- 
ration of bicuculline salts [ e^. (3b)] uere shown to 
be analogous to the extended structures of GAEA (Figure 
9). 



The part of the bicuculline molecule isosteric 
uith GABA contains tuo asymmetric centres 123 , giving 
four possible stereoisomers. Studies indicated that 
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Cf2?; — nIs)— HfB) 
HJ5J_C[b_ C(17 ; 

C(1B) 



H(U). 



Figure 8 THE CONFIGURATION OF BICUCULLINE IN THE 
CRYSTAL : a) absolute configuration; 
bj relative configuration of the asym- 
metric atoms of the protonated molecule 



(the numbering of the atoms„is in 

dance uith Gilardi's paper ; 

terionic GABA, uith the same configuration 



accor- 

c) zwit- 



+ 0.2(») 



•r^— 0-0-2(2) 
/ 1+0.1(5) 



1-0,013) 

+0.0(6) , . .... 

uo.oiii h ..+o.o(6) 

-<-0.(l< 1) ' 



+0.2*9 



-0.2(2)0 



r y^ 



+u.ihi\x f ,i/y^"-' 



-0.01 II 




-0.2(2) 

+ 0.1(5)17 



-0.2(9) 

12 V\ 

-0.2(?l 
-0. -(10(B) 



Figure 9. THE DISTRIBUTION OF CHARGES IN BICUCULLINE 
AND GABA : a) protonated bicuculline (in 
the conformation preferred for a solution 
of the alkaloid; b) GABA zuitterion (the 
numbering of thm atoms is in acco^danc^ 



-w-ocdance 
uith the paper of Steward atal, 1 



the (+)-bicuculline, which has the (1S, 9R)-conf igur^tion, 
exhibits a physiological GABA inhibiting activity and is 
more powerful than the (-)-isomer. 
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(4.1 .2) Picrotoxinin (59) and analogues 

Picrotoxin is an equimolar mixture of picro- 
toxinin (59) and its hydrated derivative, picrotin, 
the latter compound being approximately 50 times less 
potent than the former (59) as a conuulsant. The 
natural products, such as coriamyrtin (62) and tutin 
share the convulsant action of picrotoxin but are also 
nonionic in solution. Unlike bicuculline (3), picro- 

toxinin appears to act at GABA regulated membrane 

119 
chloride channels rather than at the GABA receptors 

of the GABA receptor-ionophore complex (Figure 6), con- 
sistent with the non-competitive nature of its antagon- 
ism. 

The total synthesis of picrotoxinin,'' 2 * picrotin 125 

1 *? fi 

and the other sequiterpenoid lactones has bsen achieved, 

Other lactones, b .q . . ( 63 ) and g-ethy 1-g -methyl-Y-buty- 

127 
rolactone [B-EMGBL, (64)] uere prepared as canvulsants. 

Presumably, they performed as picrotoxin analogues. 



In this thesis, the majority of uork was based 
on the investigation of the preparation of aminomethyl 
lactones. These analogues uere structurally related to 
the pharmacophore fraction of bicuculline (3). They 
could be interpreted as analogues of GABA in the ex- 
tended or folded forms. Uith this in mind, the syn- 
theses uere carried out under the following guidelines: 

(1) y-, S- and ot-aminomethyl- Y-butyrolactones uere made; 

(2) compounds containing azaheterocycles fused with Y- 
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CH 3 



N— CH 3 



Picrotaxinin 



(59) 




Corlurnine 



(60) 



<: 


CH 2 OH 




f\ C °2 CH 3 




IP 


He 


thyl ester of bicucine 




(51) 




( + ) Coriamyrtin 
(62) 




-CH 



3 

OH 



(63) 



■Me 



0=t 



'0 



B-EFIGBL 
(64) 






butyrolactones, so constructed that they could satisfy 
the criteria of a GA8A analogue (Introduction, section 
Ol (3) sugar lactones as the nuclei for further mani- 
pulation. Thus, the above novel analogues of this neu- 
rotransmitter ware prepared so that they could be used 
to elucidate the structure-activity relationships among 
the synthetic GABA-active compounds. Since the main 
bulk of this report is on the lactone chemistry, a feu 
brief comments on the studies of this functional group 
is of obvious relevance. 



(5) The chemistry of l 



actones 



Extensive reviews on this subject have appeared 
in the recent years. 129 
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( 5 « 1 ) Preparation of ]. ar f.nn 



es 



Numerous methods have been described for the 
s/nthesis of lactones. 128 0nly the most ^ ^ 
loped procedures uill be mentioned here. They are exem- 
plified by the following 4 categories. 

(5.1-OThB formation nf thn hrtnn, moiet. hy ^ -_ n 

through the carbon-n, yr n linku p 

Intramolecular cyclizations of hydroxy acids, 
hydroxy acid derivatives and elated compounds ( a.g.. 
oxoacids) to lactones are by f ar the mQst commonly 
used procedures. There are a large number of reagents 
available for effecting cyelization, for example , , -f- 



dicyclohexylcarbodiimide, acids ( e.g . , hydrochloric acid 
and £-toluBnesulphonic acid) and acetic anhydride in 
various solvent systems. 



39 



Solladie has reported the synthesis of the insect 

pheromone ( R)-(+)-Y-n-dodecanolactone by acid catalyzed 

1 29 
cyclization (Scheme 1). The hydroxy nitrile (65) is 

hydrolysed to the corresponding acid, uhich is then ring 

closed by acid catalysis to afford the optically active 

lactone (66). 



A series of lactones has also been prepared by 
the lactonization of Y-halo esters with activated silica 



gel as catalyst. 



13D 



A highly efficient general method for the lacto- 
nization of trans -Y- hydroxy acid (67) mediated by 2- 
chloro-1-methylpyridinium iodide in the presence of 
triethylamine to the trans -fusBd bicyclic Y-lactone (68) 
has beBn reported by Battiste and coworkers. 131 This 
procedure can successfully overcome the problem of 
competitive dehydration of the tertiary hydroxy function. 



Unsaturated acids and esters can also be cyclized 
by self-addition, provided suitable reagents are used, e.g.. 



132 



by acid catalysis (Scheme 3) or by halolactonization 



133 



(Scheme 4),' Chamberlin has reported a stereoselec- 
tive method for preparing 3-hy droxy-y-lactones \ e.g. .(72)1 
by iodolactonization under conditions of kineti 



c control. 



133a 



OH 




H- 



n-C Q H 17 



(1) WaUH 

(2) £-T5DH 



C = N 



(65) 



Scheme 1 
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II 



-> o 

H 



x 

n-CgH 17 



(66) 



CH3 - CH =CH 2 [®lci 

■CH 2 C0 2 H h, ! / Et 3 N 

---OH 

CH 3 

(67) 





(68) 



Scheme 2 



CH. 



CH 3 -C==CHCH 2 C0 2 H 



(69) 



Scheme 3 






CH3 
CH 



• T> 



(70) 
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(5.1.2 ) Lactone synthesis via carbon-carbon bond formation 
reactions 



(A) Intramolecular cyclization reactions 

Diels-Alder [4+2] cycloaddition reactions have 
been applied in the biomimetic synthesis of podophyllum 
lignans ' and also as an approach to the pentacyclic 
skeleton of the yohimboid alkaloids. 135 Thus, as out- 
lined in Scheme 5, the unsaturated ester (73) can be 

thermolyzed to give a mixture of the cis - and trans - 

1 3 "-> 
hydroisobenzofurans [(74) and (75)]. 



[2+2] Cycloaddition can also be used. 136 The 
hydroxy-y-butyrolactone (79) has beBn prepared in good 
yield by the cycloaddition of a,6-epoxy-aldehyde (76) 
with the ketene acetal (77), via the intermediate oxe- 
tane 136a (78) (Scheme 6). 

(6) By the use of carbanions generated from aceto- 
acetic ester, malonic acid and ester anc other 
acidic methyl or methylene groups 

The reaction of the epoxide [ e.g . .(80)1 with 
diethyl sodiomalonate 1 37 in ethanol leads to the lactone 
ester (82) as a diastereomeric mixture (Scheme 7). 137a 



The anions of the ethyl esters of aliphatic acid 138a 
(83) have been reacted with bromoacetaldehyde to give the 
hydroxy esters (84), which can be hydrolyzed to the lac- 
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tones (85) (Scheme 8). Similarly, the anion of ethyl 
2-phenylthiopropi D nate 1Jieb can b H generated at -7S° 
with lithio diisopropylamine (LDA) and reacted in THF 
with the appropriate a-acetoxy aldehyde, e^. , (86), 

to afford the lactone (88) after uork-up (Scheme 9). 

The use of lithium enolates has also been reported 1 38c 

to effect the cleavage of oxetan rings to yield ft- 

lactones . 



Potential central nervous system agents have 
been prepared by the reaction of N-phenylbenzamide (89) 
with the required ketone, in the presence of a strong 
base (b^., n-butyllithium) to afford the spirophtha- 



lides 



138d 



(90a and b) (Scheme 10), 



(C) 



The lithio salts of 2-alk y l-2-oxazolin 



es 



Synthon chemistry has been exploited by Meyers 

and Mihelick to produce Y-butyrolactones . 139 Thus, 

the salt of the masked carboxylic acid (91) can be 

139 
generated and reacted uith allylbromide to give 

(92), uhich can be hydrolyzed to afford first the 
hydroxy acid and hence the unsaturated lactone (93) 
(Scheme 11). 



(D) Carbonylation 

The simplest uay to effect carbonylation is 
to abstract a proton from a carbon chain and react the 
resulting carbanion uith carbon dioxide. This is uhat 
Posner 1 did in the synthesis of the butenolide (95), 
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45 




0— Li 

.A/ 

C(CH 2 ) 2 OSiMe 3 



CH 2 =rCHCH 2 Br 
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by treating the metallation product of the alkene (94) 
with carbon dioxide (Scheme 12). This A 2 -butenolide 
can be alkylated via a Michael addition reaction to 
furnish a P-substituted Y- butyrolactone and then the 
tosylsulphinyl group is removed by Raney nickel reduc- 
tion to leave the a-position vacant for further trans- 

■ .. 140a 

formation. Interestingly, vinyloxiranes undergo 

carbonyl insertion uhen treated with iron pentacarbonyl; 

oxidation of the resulting complexes [e^., (96)] with 

a cerium (IV) salt gives the lactone (97) (Scheme 13) 

as the only isolated product . 1 40b » c 



(5.1.3)0xidation of di nls. hydroxy aldehydes, and cvcl 
ketones 



1C 



Diols have been oxidized to the corresponding 
lactones by reagents such as silver carbonate/celite, 1 41a 
sodium bromite 141b and ruthenium complexes. 1410 

The cis-diol (98), uhich uas not oxidized by Sarett's 
reagent (chromium trioxide-pyridine complex), uas oxidized 
smoothly by sodium dichromate 141 d to give the bicyclic 
cis-lactone (99) in 60£ yield (Scheme 14). 



Unsubstituted hydroxy aldehydes (e.g.. 1-unpro- 
tected sugars) have been oxidized to lactones by bromine, 1423 
sodium dichromate, 142b or Jones reagent . 1 42c m a stereo- 
controlled synthesis of a chiral thienamycin intermediate 1 *^ 
from D-glucose, the methyl glycoside (1D0) uas first se- 
lectively hydrolyzed to give the hydroxy aldehyde, and 
subsequently oxidized to the corresponding lactone (101) 




OH 
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Scheme Vi 
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(Scheme 15) by Jones reagent. 

The conversion of cyclic ketones ( e.g . , cyclo- 
butanone) into lactones can usually be accomplished by 
a Baeyer-Villiger reaction. 143 The usual oxidant for 
this transformation is a peracid (e^. , meta -chloro- 
perbenzoic acid). Recently, an extremely versatile 
reagent, diethyl cyanophosphonate (DEPC) has been de- 
veloped. In combination with hydrogen peroxide, 1433 
this mixture oxidized both the olefin and cy clobutanonG 
of (102) to the epoxy lactone (103) as a mixture of 
isomers (Scheme 16). 



( 5 • 1 • 4 Reduction of anhydrides, esters and acids 

•Y-Keto-acids and their derivatives can be re- 
duced to the corresponding hydroxy acids or esters, 
and hence to lactones as the final products. Reducing 
agents used include sodium borohy dride, 1 44a lithium 
aluminium hydride 144b and potassium tri-S-butylboro- 
hydride 4 c (K-Selectride). Selective reduction of 
oxo-esters and lactonic acids or esters has also been 
achieved by using borane-methyl sulphide l44d (BMS) 

and B-isopinocamphByl-9-borabicyclo[3.3.l]nonane l44e 
(Alpine-Borane). 



Reduction of y-keto-ester (104) uith Alpine- 

1 44e 
borane ' proceeds under mild conditions to afford 

the hydroxy ester (105), in excellent enantiomeric 

purity, uhich is then converted to the naturally occur- 
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R = n- c 8 H 17 c =c- 



. h k -v^ 



OH C0 2 Me 



(105) 



Scheme 17 



C 8 H 17 i—\ 
H 

(106) 



-0 



ring sex pheromone (106) of the Japanese bettle, Popill; 
japonica (Scheme 17) 



Lactones are potentially valuable intermediates' 145 
for further chemical manipulation, and they may also pro- 
vide materials for pharmacological investigations in uariou: 
areas of medical research. 146 The undoubted interest in 
the behaviour of amino-substituted butyrolactones as po- 
tential neurotransmitters in particular, and the more ge- 
neral importance of Y-lactones in medicinal chemistry pro- 
vides the basis for the work described in this thesis. 



In this dissertation, for the ease of search of 
compounds and unambiguity in naming them, the Chemical 
Abstract nonemclature is adopted and used in the experimen- 
tal section, However, these names are usually very long; 
for the convenience of writing, trivial and 1UPAC (Inter- 
national Union of Pure and Applied Chemistry) names are 
commonly employed in the other parts of the report. 
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(D 



Preparation of fi- aminomethyl-y-butyrolactones (120) 



The structure of 6-aminomethyl-Y-butyrolactones 
[(120), see p. 54] can fit that of Y-aminobuty ric acid 
[GABA, (1)] (p. 16) well, as shoun in the diagram of the 
molecule [(107), see p. 50], which has been numbered ac- 
cording to the carbon skeleton of GABA (5) or (6). Oue 
to the near-planarity of the lactone ring, 147 the amino- 
methyl substituent can only exhibit an extended confor- 
mation of GABA (5), which is also similar to that of the 
relatively rigid structural analogue of GABA, trans -amino- 
crotonic acid [(22a), see p. 27 ]. This is observed on 
examination of the Dreiding models of (107). Since it 
shows a structural resemblance to GABA uhile still re- 
taining same essential features of bicuculline [(3), 
see p. 16], iie., the lactone ring and a non-zuitterionic 
nature (for a detailed discussion see, Introduction, 
Section 4.1.1), ue have given priority to the synthesis 
of these compounds, and a major part of the work is 
devoted to studies of these lactones. 
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(1«1) Strategies of synthesis 

All the possible alternative disconnections 148 of 
the molecule are shown below. 




The analysis of each of the four carbon-carbon dis- 
connections and of the two carbon-heteroatom disconnections 
are considered in turn, highlighting the points of linkage. 

(a)-Disconnection 



Uittig- 
Horner 




Clsisen 
Rearrange- (c) 
ment 



eO -h -P-CH 2 C0 2 H 


Co) 
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(E) 



R 



■OH 



(F) 



4 R'O-C-CH, 

OR 7 

(E) 



TGI 
C-0 



functional group interconversion 
via carbon-oxygen bond 
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(^-Disconnection 



H0^CO 2 H 

(B) 



Michael 
Reaction 



P H n^„ . . + 



HO 7 C0,H + ® CH 2 R 



(H) 



(I) 



(n ) -Disconnect ion 



(A) 



C0 2 H C0 2 H 

OH 2 



(3) 



(K) (L) 



1,3-diCO - 1,3-di-carbonyl formation 



(d)-Disconnection 
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-0 / Hal 
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(n) 
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=0 
OH 

(«) 




(e)-Disconnection 



R 
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=0 



T 



I Oxidation 

0=O-H = 



-} n— 



(A) 



(□) 



(f )- Disconnect ion 



(p) 
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HO 



*C0 2 H 



(B) 



(Q) 



(R) 



JSUB- ( f ) was the only disconnection which had not been 
attempted in this uork. 



(1.2) Synthesis by way of (a)-disconnection 

Judging by the analysis, this was the one uith 
most appeal. Approaches to this problem are exemplified 
as follows. 

(1.2.1 preparation of B-aminomethyl-Y-buty rolactone 
salts (120) via a Uittiq-Horner reaction 

The stages involved in the synthesis are depicted 
in Scheme 18. 
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(1.2.1.1 ) Startinq materials (109) and (112) 

The bis-acetylated compound (109) uas prepared 
by a reported procedure 149 in B1% yield after recrystal- 
lization from benzene and petroleum ether 40-63°. It 
uas fortunate to choose the acetate (109) as a direct 
form of protection instead of f unctionalizing the ketone 
group first. In a recent communication, Jones and co- 
workers have disclosed the blocking of the carbonyl 
moiety by thioketalization ending in a mixture of com- 
pounds. 150 The phosphonate (112), which uas required 
for the Uittig-Horner reaction uas obtained as a colour- 
less liquid by the method of Uolinsky and Erickson. 151 
In the latter stage of the research, the organophosphorus 
derivatives (112) uas purchased from Aldrich Chemical 
Company and used uithout further purification. 



(l.2.1.2) Condensation leading to the a .fi -unsaturate d 
ester (114) 

Phosphonate esters [e^., (112)] with a second 
stabilizing group form anions uhich undergo a Uittig- 
like reaction uith both aldehydes and ketones, 152 knoun 
as the Uadsuorth-Emmons modification of the Uittig re- 
action. In general the Uadsuorth-Emmons-Horner reagents 
are more reactive than the corresponding Uittig ylides, 
due to the fact that the phosphono-groups give l ess con- 
tribution touards the stability of the anions than does 
the triphenylphosphonio-group. 



The olefin (124a) has been prepared from the bis- 
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tetrahydropyranyl protected ketone (123), using excess n- 
tutylHthium as base, as outlined in Schemed, during the 
studies on monoterpone glycosides. 1526 The resulting un- 
saturated alcohol (124a) uas further oxidized to the ke- 
tona (124b) which underwent a Uittig-Horner reaction, with 
sodium hydride as base, to furnish the unsaturated ester 
(125). 



The olefination reaction uas carried out by gene- 
rating the anion of (112) in situ 151 * 153 Q r,^ 

v >*■; xu fritu and reacting with 

the ketone (109). The reaction uas monitored by thin layer 
chromatography (TLC). It uas observed that the reaction 
r.e Ver uent to completion, but stopped after about 60* of 
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the starting materials were consumed. It was probably 

due to tho formation of the heavy sediment oF sodium di- 

1 52c 
ethylphosphate. Like the Uittig reaction, the mechanism 

involv/BS a four-centre intermediate (113). The product 
uas purified by column chromatography. The structural 
assignment of the a, 3 -unsaturated ester (114) uas made 
on the basis of its proton nuclear magnetic resonance 
spectrum (PMR), carbon-13 nuclear magnetic resonance spec- 
trum (CMR) and also infrared spectroscopy (IR). The PP1R 
spectrum of the alkene (114) shows the methylene protons 
cis ta the olefinic proton are at higher field (S4.8O) 
than those trans to it, uhich resonate at 65.38, attri- 
buted to the shielding and deshielding effects of the car- 

154 
bonyl group on thB two sets of protons, respectively. 

Both appear as broad singlets. However, an apparent tri- 
plet is observed for the olefinic proton uith a coupling 
constant, J., value of ca. 2 Hz. In Fact it may have been 
an overlap of 2 triplets as a result of allylic couplings 
uith tha aforementioned methylene groups (see Spectra 
Section, Spectrum P-1). However, this anisotropic eFFect 

of the carbonyl group is less significant in influencing 

1 55 
the carbon chemical shifts oF the allylic methylene 

groups, uhich give signals at 661.7 and 63.8, respectively, 

a difference of only cai. 2 ppm (also see Spectra Section, 

Spectrum C-1). The structure is Further confirmed by a 

band at 1615 cm assigned to the C=C double bond in the 

IR spectrum. 
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(l.2.1.3)HydroQenati on of thn alkene ( 11 A ) 

a, H -Unsaturated carboxylic esters can be hydro- 
gsnated to provide the corresponding saturated esters. 156 



Hydrogenation (h^-Pd) of the a,3 -unsaturated 
ester [(114), see p. 54] gave the saturated compound (115) 
in good yield. This is indicated in the PHR spectrum 
where the olefinic signals disappear, to be replaced by 
a band of complex signals, 6 2.08 to 2 . 80 , uhlch cap be 
attributed to the a-methylene and the methine protons. 
Houevsr, the signals ere too complex to be analysed in 
Mail, becaU3e of the non-epui.alence of the methylene 
Protons and the multi-proton environment of the methine 
Proton (Spectrum P-2). Fortunately, due to the sy.me- 
trical nature of the branched-chain methylene group 
(AcOCH 2 ), a strong doublet is seen at 54.15, showing a 
coupling of 6 Hi with the adjacent methine proton. The 
™R spectrum of (115) is very much simpler and all the 
required carbon signals can be located (Spectrum C-Z). 

(l.2.1.4)Deacetyl a tion nf t hP Hster f1lM an , 8ubBHn , IBnt 
cyclization tn the hvrirnvy lactone (1171 anr < 
related reactinns 

Removal of the acetate protecting group as part 
of a chamical transformation has been studied. 157 m 
carbohydrate chemistry, the use of alkoxide to deprotect 
acetate is a well-known process. ^8 Therefore, the di- 
ctate [( 115 ), see p .54] Uas CQnwertBd %Q ^ ^ 
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by the employment of either sodium ethoxide in ethanol 
or sodium methoxide in methanol. After the reaction, 
the resulting sodium acetate was neutralized with an 
acidic resin ( 0ouex-50U-Xo ) . The product uas obtained 
after evaporation of the solvent. Analysis of the 
spectral data revealed that the product uas a mixture 
of the dihydroxy ester (116) and the hydroxy lactone 
(117), as judged by the diminished integration of the 
ethyl proton signals and the presence of a lactone car- 
bonyl band in the IR spectrum. This can probably ration- 
alized by the fact that lactonization of the hydroxy 
ester (116) is possible because of the presence of some 
acetic acid and the acidic resin. 

Without further purification, the mixture uas 
treated uith a catalytic amount of £-toluenosulphonic acid 
in ethanol. The hydroxy lactone (117) uas produced quan- 
titatively (as judged by TLC) . However, organic solvents 
(jjJl., ethyl acetate) failed to extract the desired pro- 
duct, which stayed in the aqueous layer. It is not un- 
reasonable to believe that this highly polar small mo- 
lecule may be water-soluble . Thus it uas revalued to 
clean the mixture by column chromatography. Houever, a 
small amount of the contaminant (the sulphonic acid) uas 
still present. Therefore, ue decided to try using a 
volatile acid, trif luoroacetic acid (TFA), to effect 
lactonization, allowing separation by distillation. 
Thus the dihydroxy ester (116) was cyciized to the hydroxy 
lactone (117) with 10% aqueous trif luoroacetic acid. 



60 



After uork-up, the yield of the reoujrn , 

16 esquired compound was 



quantitative. Hou/ever, 
the product. Even aft 



some uater could be detected in 
prolong azeotroping uith benzen 
-ing a Dean-Stark a Ppara tus ( 6 hours), . trace of ^ 
was still retained, probabl 

*tur. of the hydroxy lactone, uhich uas obtain 
thick oil. 



■y due to the very hygroscopic 



led as a 



The most characteristic features of thls Ml . cul> 
«. the very broad OH absorption band at 3450 .-1 and 
the lactone carbon,! stretching frequency at 1770 cm' 1 
in the infrared spectrum. 



In Proton nuclear .agnatic spectroscopy, coupling 
^etueen pro tons on vicinal carbon atoms in rigid systl 
depends primarily on the dihedral 



systems 
angle, 0, between the 



H " C " C 16 r '^ C - C '" H ' " i ™" ,M Hare the Kerpius aqu - 
y «„ be appiied to predict tne coupiin 9 conatanta, 

I between vicinal protons: 



2 VIC - J° CQS 2 _ C gO^ g£ go O 

J vie = J 1 9° cos 2 _ c 9O o £0£ibdO 

The analyses of vicinal proton-p ro ton coupling 
-stents in solution have been demonstrated in 8lx _ m _ 
bared rings, W, steroids ^) ^^^ „ 
lactones and f our-membered rings. 164 



Ooe to the fiexibie nature of tne V-butyroiactonea. 
""— - n-t «.- and the „ lclnal coupllngs 
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of the protons will depend on the dihedral angle, 0. 163 
In the GO F)Hz Dr some 100l „, Hz spectra> complex pegk pafc _ 
terns for the protons due to seoond order coupling can 
be observed. Only the hydroxy-methyl group, gives a 
simple pattern, appearing as a doublet at 63.62, uith 
a, coupling constant, 3 value of 6 Hz (Spectrum P-3). 
As in the other compounds reported, the CRR spectrum 
reveals all the carbon atoms distinctively (Spectrum C- 
3). The assignment of the carbon atoms in the lactone 
molecule, 1-4, is as follous. 



1 ' CH 2 
4 l3 2 1 

-0-CH 2 CHCH 2 C0- 



The CNR spectral parameters of some B-substi tuted Y -bu- 
tyrolactanes are listed in Table 3. The main character- 
Ittie signal resonates at 5 62.1 uhich belongs to the 
hydroxymethyl carbon atom. 



Cyclization of polyhydroxy acids, esters or 
nitriles to the corresponding hydroxy lactones have been 
rsported very frequently. 165 " 170 



Because of the success ue enjoyed uith the 
saturated acetate (115) and also because ue wanted to 
explore the chemistry of the corresponding unsaturated 
lactone, cyclization directly from the unsaturated ester 
1114) uas attempted. The use of sodium hydroxide accor- 
ding to van Tamelen 171 i ed to decomposition, only an 
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Table 3 CMR assignments of some 8-substituted 
Y-butyrolactones (at 15 MHz) 



Compound 


Solvent 




C-1 


C-2 


C-3 


C-4 


r 
C-1 


■r- 

Other 
Carbons 


[-OH 

(H7) 


D ? 


181.5 


36.1 


30.5 


71 .85 


62.1 




B 

f'l8b) 


CDC1 3 


175.7 


34.5 


30.2 


69.4 


68.7 


37.3 


(119) 


CDC1„ 



175.9 


34.7 


31.3 


70.1 


52.5 




/~~\ .TsOH 

C >o 

(l20b) 


Q 2 
+ 1,4- 

Dioxane 


180.6 


33.9 


32.6 


72.07 


42.9 


21 . 1 ; 1 26 : 

1;130.2; 

140.5and 

143.2 


5- 

(169) 


CDC1 3 


177.- 
14 


39.58 


33.98 


72.33 


117. 2 

44 


135.80 


s 

,-OCPh 
(173) 


coci 3 


176. - 
42 


34.50 


31.11 


70,37 


65.10 


128.7; 
130.27 
and 133.5 
52; 166o 
40 


0- 

(182) 


CDC1 3 


175.* 
19 


33.59 


31.57 


70.2E 


76,30 




CO2E1 


CDC1 3 


176.4 


40.1 


30.9 


69.2 


171.5 


14.1 

and 

62.0 


r-NH 2 

M' HCI 

(80a) 


D 2 D 

+ 1,4- 
Dioxane 


180. 3 
98 


34.11 


32.81 


72. 5 
33 


41. 
79 




HO 
pNCPh 

(163) 


CDC1 3 


177. C 
79 


35.67 


32.Q 
16 


71. 
54 


41 . 
73 


127.4; 
128.77; 
131,90; 
134.30 & 

16R.Q/, 
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acetate signal could be seen in the H-NMR spectrum of 

the total reaction mixture?. Similarly, treatmont uith acids 

(£-toluenesulphonic acid, aqueous trif luoroacetic acid and 

172 
hydrogen bromide in acetic acid ) resulted in decomposition 

or formation of only a small amount of the impure product, 

judging by the NPtR spectra. 



(l.2.1.5) 5ulphonation 

Sulphonic acid esters [ e.g . , (118)] (p. 54) are 
very versatile intermediates in synthetic chemistry. They 
can be used in displacement reactions with carbon nucleo- 
philes ( e.g . , Grignard reagents ), iodide and azide 



ion. 
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The conversion of primary alcohols to the cor- 
responding sulphonetes can be achieved using various base- 
solvent combinations. Generally speaking, primary sul- 
phonic acid esters are more readily prepared than secon- 
dary esters (for reviews on sulphonic esters of carbo- 
hydrates, see Ball and Parrish 1 76a * b and also Harrison 
and Harrison c ) . 

Tosylation was attempted according to the pro- 
cedure of Uintersteiner. 177 Houever, only a trace of 
impure product (116a) was isolated. This is probably 
due to the high reactivity of the resulting ester which 
readily decomposed. Nevertheless, the mesylate ( 1 18b) 
could be prepared using either pyridine as solvent and 



_ 
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base 178 or triethy lamine in tetrahy drof uran . The former 
method gave an isolated yield of only 74;', which uas still 
contaminated uith pyridine. Soma pruduct was throught 
to be lost during the aqueous work-up, because of the 
solubility af the lactone ( 118b) in uater. Thus the latter 
method uas preferred, since the ammonium sulphonate pro- 
duced uas insoluble in the solvent and could be removed 
by filtration, rendering aqueous washing unnecessary. 
The yield of (118b) by this process was almost quantita- 
tive. Chromatographic purification led to a much lower 
yield, uith no improvement in purity. The mesylate was 
usually used in the next stage without further purifi- 
cation. 

The IR spectrum or compound (118b) shows the 
absence of the strong hydroxy band of the starting mater- 
ial at ca. 3450 cm . Moreover, in the PMR spectrum, the 
incorporation of the sulphonyl group provides a shift of 
the exocyclic methylene protons From S3. 62 of the hydroxy- 
methyl compound (11?) to a lower field of 64.39, still 
a doublet with a coupling constant of 6 Hz. The CP1R 
spectral characteristics of the compound (118b) are pre- 
sented in Table 3 (p. 62). 

(1.2.1 .6) Azidolysis and amine reactions 

Preparation of azides by nucleophilic dis- 
placement of sulphonate with sodium azide is a very use- 

1 75 179 
ful process. It has been employed, for example, 
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180 



in the synthesis of sugar azides.' These azides are 
widely utilized in the synthesis of amino sugars. 



According to the hard soft acid bases (HSAB) 
theory, 181 soft nucleophiles are predicted to shou a 
preference for attack an the alkyl-oxygen bond (soft- 
soft interaction) of Y-lactones rather than the carbon- 
yl carbon (soft-hard interaction) and v/ice v/ersa for 
hard nucleophiles. These reactions are illustrated 
by the cleavage of g- and Y-lactones. 






As expected, the hard acyl carbon is more 
susceptible to nucleophilic attack uith hard bases 181 
(such as hydroxide, alkoxide and ammonia). The reaction 
proceeds by tuo steps, uith the intermediate formation 
of a tetrahedral compound (128) (Scheme 20). 



The ring opening of lactones through alkyl- 
oxygen bond fission has been studied uith selenium 182 
and sulphur 103 nucleophiles (see Scheme 21). Soft 
bases, including cyanide, 184 chloride 185 and salts of 
nitrogen-heterocycles 186 have been used to prepare use- 
ful intermediates; for example, jasmonoids 1 82b (135) 
(Scheme 22), the cyanopropiolate 1 84 (136)->(137) (Scheme 
23), pyrethroid acids 185a (138)-,(140) (Scheme 24) and 
the antiviral compound, eritadenine 186a (141)^(143) 
(Scheme 25). Similarly, y-lactones alkylate 147 ra ther 
than acylate aromatic compounds in the Friedel-Craf ts 
reaction (Scheme 26). This may be -explained in terms 
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or the hardness G r the LBUis acld , HC=0+ (14S)< s . nce 

benz ene is . .„ rt baae ,1B, and ^ ^ _ ^^^ ,„ 

the aoft-.oft el kyl - DXygen 0Dnd thus ^^ ^ ^ 
and this results In the formation of the eoid (,46). 

ror a lectonic suiphonate [ e^., (118b)]> 

the HSAB princiDle 1B1 fhn 

ncip l8 , there are three sites Tor uhich 

nucleophilic attack is possiblR t* • 

possible. It is knoun that tl 



or r-out y rolectone at the soft centre ( MB) leadlng „ 
the corresponding 3 - a2i doprop a noic acld „ ,. a2ldobuta , 
noic acid. Houeuer, t „ Coulee conteining sul- 

Phonete or halxde groups as uaU as a lacton 
controlling faotor Is the herdnes 



is ring, the 



Th 



3 of the leauing group. 181 
■ -don attaohed to a sulphonio acld aster, for In- 
stance, becomes the softest centre of the molecule 
Nth the host leauing group attached. Thus soft nucleo- 



Philes uuii prBfBr tQ att 



the suiphonate is substituted. 



ack the esteriPied carbon and 



faction of the mesylate [(118b), seep. 5 ,j 
-th sodium azide in N, N -dimeth y lf ormamide for 2 hours 
at room temperature gave 25% of the desired product (m) 
The displacement reaction proceeded to completion on heat- 
ing the reaction mixture in a boiling uater-bath for one 
no-. It proved difficult to remove all the solvent with- 
out a substantial loss of product because of the miscibi- 

Hty cF the lactone uith uater. Thus an «it 

inus an alternative sol- 
vent system uas souqht Aff OT . 

y "" Hrter several triaie 

A trials, a mixture 
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of acetone and water uas found to be satisfactory. It 
was necessary to reflux the clear reaction mixture for 
10 hours for complete reaction. The progress of these 
reactions uere conveniently followed by either IR or NMR 
spectroscopy. The product and reactant shoued v/ery simi- 
lar behaviour on TLC [ Rf values 0.55 and 0.65 (ethyl 
acetate), for the mesylate (118b) and azide (119), res- 
pectively] making TLC unreliable on its own. Unlike the 
mesylate, the azide could be purified by column chroma- 
tography in 73f yield. However, there uas still a trace 
of methanesulphonic acid contaminating the product. 



is a 



The IR spectrum of the azide (119) s hou £ 
strong azide absorption at 2100 cm" 1 which is as strong 
as the lactone carbonyl signal at 1775 cm' 1 . Chemical 
shifts of the azidomethyl protons in the Pi*!R spectrum 
is centred at 63.5 as a doublet, with a coupling con- 
stant, J value, of 6 Hz. The other protons appear as 
2 bands of multiplets located at ca. 62,7 and 64.5 
(Spectrum P-4). The CP1R measurements of the compound 
(Spectrum C-4) can be found in Table 3 (p. 62). The 
most noticeable change is that of C-1* carbon which 
shifts from 68.7 to 52.5 after the nitrogen link is 
formed. 



With the sulphonate (118b) in hand, attempts 
uere made to react this compound with amines (including 
dimethylamine, triethylamine and piperidine) in ethanol, 
The progress of the displacement uas monitored by uith- 
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dra.al of aliguots of samples and judged by the dis- 
app Ea ran CB of the diagnostlc exocyclic methylene ^^ 
at 64.39 and the emergence of the doublet at higher 
field, 6 3.7, in the P^R spectra. Products uere usually 
obtained as gummy solids. There .ere signals correspond- 
ing to the presence of some of the amine salts [e^., 
IW)]. Nontheless, after numerous trials in purifying 
the products, they uere still not pure enough to give 




satisfactory analytical data (some success uas reported 
on a different isomer (246b) [see Discussion, Section (2. 
2.1.4) prepared by the same method] (see p. 124). 



Substitutions of the bromolactone (148) by amin 
uere described in 1951, by Brochmann-Hanssen, 102b aS a 
means of making pilocarpine analogues (14B)-(149) ( Scn 



es 



27). 
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( 1 ■ 2 • 1 • 7 JHydroae nolvsis of the azide (119) 

Some hydroxy amino acids are physiologically 

active compounds, 189 e^., toxins isolated from nush- 

133c 190 
r ° 0r " S * Recently, the y-hydroxymethyl-GABA (26) 

has been prepared 85 and tested as a GABA analogue (see 

Table 2) (p. 21). 



Many chemical methods for the reduction of 
azides to amines hav/e been reported in the literature 191 
(including, e^., aluminium amalgam, chromous chloride, 
lithium aluminium hydride, sodium borohydride, sodium 
sulphide and hydrazine): several of these could be dis- 
counted as useful in the present context, since strongly 
basic conditions uere required and such conditions uould 
result in breaking the lactone ring. Nor uould it be 
ideal to carry out the reaction under neutral conditions. 
Of the various methods available, the use of stannous 
chloride 1923 together with dilute hydrochloric acid looks 
attractive. 192b Houever, the separation of the inorganic 
salts from the target molecule, uhich is itself a potent- 
ially uater soluble ammonium chloride [j^., ( 12 n)], may 
impose difficulties. On the other hand, the uay to cir- 
cumvent this problem is to reduce the azide by catalytic 
hydrogenation in an acidic medium. The uork-up convenient, 
ly requires a simple filtration and evaporation. Thus, 
the azide [(119), see p. 54] uas hydrogenated uith 10% 
palladium-on-charcoal in the presence of aqueous hydro- 
chloric acid or 2-toluenesulphonic acid in a large vessel 
[£a. 3 times the volume of solvent ( e^. , ethanol), so 
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that the nitrogen produced would not depress the volume 

' the hydrogen pressure]. Usually, the reservoir uas 
evacuated after a certain period and then refilled uith 
fresh hydrogen. The yields of the target compounds were 
quantitative as the ammonium salts (120). In the case 
of the hydrochloride salt, only a gum uas obtained. 
However, the gummy tosylate (120b) crystallized gradu- 
ally on storage. 

The IR spectra of the salts (120) are consistent 
uith the assignment. The azide signal has vanished and 
is replaced by the broad ammonium absorption band, while 
the lactone carbonyl stretching frequency is still in- 
tact. The CTIR spectral data are recorded in Table 3 
(p. 62). 



Attempts uere made to prepare N-substituted 

amino compounds [ e^. , (150), see p. 73 ] by reductive 

191a 
alkylation. The hydrogenation of the azide (ng) 

in the presence of formalin was expected to provide 
either the mono- or dimethylamino compound [e^g.., (150)] 
via the imine, which forms by condensation of the re- 
sulting amine with the aldehyde. The imine is then 
reduced to the monoalkylated amine which can be alky- 
lated further by the same sequence. However, an in- 
separable mixture was obtained, which showed absorption 
peaks assigned to lactone in the IR spectrum, and some 
required proton signals in its MR spectrum. Because of 
the difficulties encountered in the purification of these 
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products, no further work uas done on these mixtures. 



In order to characterize the amino lactone (120), 
the corresponding N-acetyated compound (I2l)(p. 54 ) uas 
prepared. In a preliminary reaction, the hydrochloride 
(120a) uas suspended in acetic anhydride and then tri- 
ethylamine uas added to neutralize the salt, so that the 
free amine could initiate the attack on the anhydride to 




givs the acetamide (121). Houev/er, the isolated yield 
uas lou (27#). Thus a Schotton-Baumann-t 



ype procedure 
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uas folloued in the latter runs. The yield uaa since 
improved. On the other hand, the use of sodium acetate 
as catalyst failed to produce any reaction. 



The most diagnostic features are the amide 
signals at 1640 and 1540 cm" 1 in the IR spectrum and 
the 3-proton singlet of the acetamide (121) in the PFIR 
spectrum. The CT<lR spectrum of the compound also shows 
the signals belong to the acetamide at 520.4 (methyl 
carbon) and 169.1 (amide carbonyl carbon atom). 
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Q.2.2)AttBmptBd pr eparation of (152) by a Knaewan a n B l- 
Cope reaction 



jqel- 



As outlined in the retrosynthesis (Discussion, 
Section 1.1), the hydroxy lactone (117) (see, p. 54) can 
also be made via the synthetic equivalent or synthon for 
CH 2 C0 2 H. This is to use either malonic acid or diethyl 
malonate as the starting material. 148 

The condensation of aldehydes or ketones, usually 

not containing an a hydrogen, uith compounds of the form 

1 1 

Z-CH 2 - Z or z-CHR-Z is usually called the knoevenagel 

194 
reaction. For doubly activated compounds, it is il- 
lustrated by the synthesis of the butenolide [ e^. , (151)] 
(Scheme 28). Various bases have been employed, such as 
triethylamine, piperidine, sodium hydroxide and potassium 
amide. However, when pyridine is used, the reaction is 
knoun as the Doebner modification of the knoevenagel re- 
action. 



Utilization of ammonium and amine acetate as 
catalyst introduced by Cope 195 is reckoned as a signifi- 
cant modification of the knoevenagel reaction. The 
usual procedure is to do the reaction uith a catalyst 
in some uater-immiscible solvent such as benzene, chloro- 
form or toluene, boiling the mixture and resultant uati 
is separated using a Dean-Stark apparatus. 



er 



The proposed construction of the butenolide (151) 

is shoun in Scheme 28. Thus a mixture of dihydroxyacetone 



75 



OH 
It) + 

OH 

(108) 



C0 2 H 
C0 2 H 



CH 2 OH „ n 
>=0 



■0 



(151) 



CH ? OH 



^0 

(152) 



=0 



Scheme 28 



CH- 



AcOCH? v uno 

15 





(153) 



CH 2 0H CH . 



Q 



(154) 



C0 2 H C0 2 H 



o 



•0 



(155) 



C0 2 H 



(156) 



OAc 




O 



r^oH 



(158) 




76 



e>- 
(108), malonic acid and ammonium acetate uas suspended 



195b 



in benzene and heated with a Dean-Stark set-up attached 
and two products obtained (see Experimental Section). 
The spectra of these components were not consistent 
with their expected structures (151) or (152). Their 
IR spectra are very similar to each other except that 
the spot running slower on TLC has a broad DH band, while 
the faster running spot has a strong carbonyl signal at 
1720 cm , most likely to be an ester. In the NNR spectra, 
the only difference is a 3-proton signal at 62.15, which 
is similar to an acetyl singlet, in the component faster 
on TLC and a deuteratable signal at 64.3 in the other. 
Both also have aromatic methyl signals. The low field 
signals of the compounds are very much like those of the 
3,4-disubstituted furans. 196 The C-13 NNR spectra con- 
firm these predictions. 197 Comparisons of the PNR and 
CMR assignments of some furans, together with these of 
the two products, are presented in Table 4. Therefore, 
the compounds are assigned as 3-methyl-4-[ (acetoxy ) methyl] 
furan [(153), Faster spot ] ^ 3-msth y l-4-<r*dr«*y,.«th y l) 
furan [(154), slower spot] (Spectra P-5 and C-5), according 
to the above spectroscopic evidence. The spectra of 3- 
hydroxymathylfuran [(158), Spectra P-6 and C-6] are also 
presented for identification purposes. 

TablB 4fl : Pm assignments of some furan ring protons 
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Compounds 


C-2H 


C-3H 


C-4H 


C-5H 


Ref erencos 


153 


8.22 


- 


- 


8.8 


this thesis 


154 


8.59 


- 


- 


8.72 


this thesis 
( Spectrum 
P-5) 


155 


8.5 


- 


- 


8.5 


196 


156 


7.92 


- 


6.4 


- 


197a 


157 


7.36 


- 


6.37 


7.36 


197b 


158 


7.4 


- 


6.43 


7.4 


Spectrum 
P-6 















Table 4B : CMR assignments of some furan carbon atoms 






Compounds 


C-2 


C-3 


C-4 


G-S 


References 


153 
154 

156 
157 
158 

1 


143.03 
142.1 

133.43 

143.4 
143.68 


148.3 
152.0 

119.92 

127.6 

125.52 


153.8 
152.9 

106.67 
108. 5 
110.15 


144.3 

143.4 

154.99 

139.3 

140.23 


this thesis 

this thesis 
(Spectrum 
C-5) 

197a 

197b 

Spectrum C-6 



(153) and (154) are possibly furan derivatives, but the 
ev/idence given above is quite inadequate to allow more 
specific characterization. 
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(l.2.3)_5ynthesis of p-hydroxyme thyl-y -butyrolactom 
(117) via Claisen rearrangement 




(l.2.3.l)p rB paration of P-vinvl-Y -butvrolar.t onB (169) 

The Claisen rearrangement originally referred 
to the reaction of an allyl arylether, uhich on heating 
rearranges to give an O-allylphenol 1 98 (e^., Scheme 

29). 



A variant of this reaction, the Ireland-Claisen 
rearrangement, involves a [3,3] sigmatropic rearrangement 
of enolates (or trialkylsily 1 ketene acetals) derived 
from esters of allyl ic alcohol 1 " providing a T»i - 
unsaturated acid. This conversion is under diastereose- 
lective control 199e (see Scheme 30). 
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Yet another variant is the orthoester-Claisen 

rearrangement (e.o. Sr-hpmo it\ u„ u ^ 

v a . ij . , ocnemB ji;. Ue had envisaged 

that the application of this rearrangement could lead 
us to an intermediate uhich could be employed to produce 
the important hydroxy lactone (117). The method reported 
by Mori ; was used by us to prepare S-vinyl-y-butyro- 
lactone (169). This required the condensation of 2- 
■lk.n-1,4-diol8 [ e^., (165)] with an orthocarboxylic 
ester, in the presence of a catalyst, hydroquinone 
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(Scheme 31). The 2-carbon unit is provided by triethyl 
orthoacetate. The mixture uas heated under reflux until 
all the diol (165) uas consumed, when the excess orthoester 
and product ethanol were distilled off at atmospheric 
pressure. The cyclic orthoester (170) uas obtained by 
distillation under reduced pressure, in 43% yield. Hou- 
ev/er, in our hands, it uas not possible to remove the 
desired product from the residual hydroquinone by dis- 
tillation. The tarry residue uas investigated by IR and 
PCIR analysis. This revealed that the product uas the 
acyclic hydroxy ester (168). Apparently, the hydro- 
quinone did not effect the cyclization under these cir- 
cumstances. Therefore, the crude mixture uas converted 
to the lactone (169) by treatment uith trif luoroacetic 
acid. The residue, after evaporation of the solvent, 
uas uashed with sodium bicarbonate solution and then 
uater, in an attempt to remove some of the hydroquinone, 
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but in vain. (Phenols are by no means as acidic as 
carboxylic acid and do not react uith bicarbonate ion ) 
Purification was achieved by column chromatography. The 
target g-vinyl-y-lactone (169) uas obtained in 11% yield, 
still however contaminated by a small amount of hydro- 
quinone, judging by the NMR spectrum. 



It is known that the trans -2-butene-1 .4-diol 
can achieve a better conversion than the cis -isomer 201a 
(see mechanism). fls stated before, it uas for the 
availability reason that the cis -compound (165) uas 
chosen. An 89% yiBld has been claimed by using the 
trans-isomer. a 



The mechanism of the reaction is illustrated 
in Scheme 31 (see p.80). The acid catalyzed transesteri- 
fication results in the formation of a new ether. In 
case of ditransesterification the cyclic Drthoester (170) 
will be obtained. Because of the stereochemistry of the 
diol (165), which being cis . will be more prone to under- 
go further reaction to produce the novel acetal (170). 
Removal of one molecule of ethanol provides a vinyl 
ether or ketene acBtal (167) which undergoes Claisan 
rearrangement as predicted to furnish the hydroxy ester 
(168) (Scheme 31). 

The IR spectrum of the vinyl lactone (169) 
shows a lactone carbonyl signal at 1740 cm -1 and a 
double bond peak at 1622 cm" 1 . The- protons of the 






T-lactone assigned are in Greek alphabet: 
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In the PMR spectrum (200 WH2 ) the a protons appear as 2 

sets of doublet of doublets (or doublet of AB quartets) 

centred at 62.48 and 2.7, with coupling constants J (a ^ j 

= 8 (for both H aa , and H Qb ). The methine proton is at 

53.22 as a band of multiplet. Houever, the Y methylene 

protons become tuo groups of distorted doublet of doublets 

(or doublet of AB quartets) at 54.03 and 4.46, still uith 

coupling constants J ( = 8 (for both H and H J. 

* ' ' Y a Y D 

Due to second order patterns, the 3 olefinic protons 

show multiplets at 6 5.1-5.28 (see Table 5 and Spectrum 
P-7). The cm measurements are listed in Table 3 (p. 62) 
(Spectrum C-7) . 



(l.2.3.2)0zonolysis of Mfiq) and suhsp^n t tran B fn T ■ 

Chemical manipulations of the functional groups 
of the side-chain of lactones are possible. For example, 
the acetylene (174) has been reduced 203 by hydrogenation 
over Lindlar catalyst to giv/e the corresponding (Z)-alkene 
(175), in good yield, uhich uas then cleaved to afford 
the aldehyde (176) by ozonolysis. This aldehyde could 
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be further subjected to homologation via a Uittig reaction 203 
(Scheme 32). The aldehyde thus formed should be select- 
ively reducible to the corresponding alcohol by employing 

on/ 

mild reagents (e^., SDd ium borohydride) even in 

presence of the lactone moiety. 



the 










The alkene (169) (p. 80) yas ozonized successfully 
by ozone at -78°. The resulting ozonide (171) uas decom- 
posed by dimethyl sulphide. 205 The mixture uas then ^^ 
up to give a gum, uhich uas redissolved in methanol and 
treated with sodium borohydride. The alcohol (117) uas 
obtained in quantitative yield. The spectral data of this 
compound are identical to those obtained previously. In 
characterizing the alcohol, the 0-benzoate (173) was pre- 
pared by reacting the alcohol (117) with benzoyl chloride, 
in the presence of triethylamine. After purification, 
the estB r (173) ua s isolated in 60% yield . The ben2oate 
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"as preferred to acetate because of the ease of detecting 
the product on TLC, and greater ease of separation of this 
less polar substance. 

The peaks in the IR spectrum of this compound at 
1765 and 1710 cm" 1 can be assigned to the lactone and ester 
groups, respectively. As in the precursor, the a and Y me- 
thylene protons appear as doublet of doublets in the 200 
mz PP |R spectrum. The neuly produced exocyclic methylene 
protons are shoun as an apparent doublet of triplets, 
while the methine proton becomes, a multiplet (Spectrum 
P-8, see Table 5) (p. 84 ). The compound gives a clear- 
cut CNR spectrum allowing all the carbon resonances to be 
assigned (Spectrum C-8) (see p. 3 Q S ). 

(1 ' 3) Synthesis of g-aminnmPthy 1 - Y -butvrnl a rt o» B ^.. 

(120) by Uay of (b).di S rnnn B rf< nn 



(b)-Di 



sconnecti nn 



HO 



£ 



Michael 
Reaction 



C0 2 H 



~ ^ ho-H:o 2 h + 3CH 2R 



w 



(h; 



(i) 
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In this disconnection, a one carbon fragment is 
attached to a preformed Y-lactonB or acyclic analogue. 
The skeleton uhich may be utilized and still can be 
transformed into a Y-lactone is either a A -butenolide 
or the open-chain protected analogue. 









A promising route is to use the Michael addition 
of carbon nucleophiles uith unsaturated carboxylic acid 
derivatives. Here, the carbanion adds to the double bond 
regiospecif ically at the B-carbon, thus giving a branch 
chain at the B-position of the lactone or ester. 

(1.3.1) Michael addition to an unsaturated system 

Michael addition of carbanions to a , B-butenolides 
has been extensively used for preparing 6-substituted buty- 

rolactones of interest in natural product chemistry, es- 

7f]fi 
pecially in the lignan field, particularly via the 

carbanions of the lithio dithioacetals. Other carbanions 

used include those generated from vinyl or allylic organo- 

metallics, a tri(methylthio)methyllithium, 207b diethyl 

sodiDmalonate and other salts of carbon acids, and 

anions derived from "activated" picolines, used for 

producing cholinergic pilocarpine analogues. 






Primary and secondary nitroalkanBs may react, 
in the presence of a basic catalyst, uith a , B-unsaturated 
esters, aldehydes, ketones, cyanides, and related compounds, 
to give Michael adducts [e^., (179)]. A further stage 
of addition may occur uhen a primary nitro compound is 
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used. The basic catalyst is usually sodium ethoxide 210 

211 
or diethylamine in an alcohol as solvent. Many other 

catalysts have also been used, 212 B.Q .. tertiary phosphine; 

have been used by White 213 in the investigation of Michael 

addition of 2-nitropropane to activated olefins. Others 

includB potassium fluoride 214 and tetrakis( triphenyl- 

<9 4 C 

phasphine)palladium in the presence of a base(e.o.. 
sodium methoxide). Furthermore, the Michael addition of 
doubly deprotonated, optically active 3-hy droxy-carboxy- 
lates to nitroolefins have been achieved. 216 Of the 
various catalysts that have been employed, ue uere es- 
pecially interested in the possible application of a 
phase-transfer catalysis system and of naked-anions (e.g.. 
quaternary ammonium salts 217 and croun ethers 219 }. For 
some general aspects of Michael addition, there are a 
number of extensive reviews available. 219 






In our approach towards the 3-aminomethyl-Y- 
butyrolactone (120), the appropriate synthon is nitro- 
methane. The use of nitromethane as a substrate for 
organic synthesis is uell-documented. 210 " 217 For example, 
riichael addition Df nitromethane, in the presence of 
aodium ethoxide, to (178) (see p. 88) gives the ester 
(179) (Scheme 33) d . i n the present endeavour, tetra- 
n-butylammonium hydroxide is our choice of catalyst. 



For the convenience of carrying out the dis- 
cussion, the synthesis is divided into 2 groups identified 
by the intermediate on which the Michael condensation is 
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(179) 



Scheme 33 
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(128a) 
Scheme 34 



■HCI 

>=0 
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(181) 



=0 



CK 

(182) 



N0 2 
=0 






performed. 



(1.3.2) A 01 ' -Butenolide (181 ) as a Plichael acceptor 
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n 

The starting material, A ~ -butenolide (1B1) was 
prepared from Y- butyrolactone by a halogenation-dshy- 
drohalogenation process as reported by Price and Judge, 220 
via. a-bromo-Y-butyrolactone (180). The 1 H NMR spectral 
parameters of (181) are compared with data from other 
butenolides in Table 6A (p. 93 ) (see also Spectrum P-9). 
In the PMR spectra of butenolides, the following notations 
are employed, uhich can be found in Table 6A. 



Sjl3.*» (181) 




BiO'i (202) (see p. 103 ) 



The CMR spectrum of 2-butenolide (181 ) is much 
simpler. ThB follouing designations for the carbon atoms 
are adopted for butenolides:- 






V=\ 2 



<r\ 








S^S.., (181) 



£*&., (202) (see p. iQ3 ) 






The assignments for these compounds are listed in Table 






6B (see p. 94 ). The 13 C-NMR spectrum of (181) can be 
located in Spectrum C-9. 
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With the cyclic unsaturated ester (181 ) in hand, 
the hydronitrornethylation uas carried out using tetra-n- 

butylammonium hydroxide as catalyst under phase-transfer 

217 
conditions to give the nitromethyl lactone (182) in 

30^ yield (Scheme 34) (p. 88). A colour change (yellou 
to reddish-broun after adding base) uas observed during 
the reaction, perhaps due to the colour of the generated 
carbanion. Houever, uhen 18-croun-6 uith potassium car- 
bonate uas employed, the reaction time uas much longer; 
the reaction uas still not complete after 4 days, as 
judged by the PFIR spectrum. 



A mechanism of the reaction of 2-butenolide 
[e.g., (181)] uith diethyl malonate has been put foruard 
as shown in Scheme 35. 2D7c The attack on the unsaturated 
lactone (181) by diethyl sodiomalonate results in a con- 
jugated anionic species (184) uhich picks up a proton 
from diethyl malonate to afford the 6 -substituted lactone 
(185). A similar mechanism is presumably in operation 
for the nitromethylation reaction. 



The IR spectrum of 0-nitromethyl-y -butyrolactone 
(182) (p. 88) shous a y-lactone carbonyl peak at 1770 cm" 1 
and those of the nitro group at 1545 and 1350 cm" 1 . In 
the PNR spectrum, 2 sets of doublet of doublets from the 
a protons are at 6 2.4 and 2.86. The methine proton appears 
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=0 
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V.©®Na 
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(184) 



Scheme 35 



BrCH 2 CH=CHC0 2 Et 

(186) 




ii 



4 PhCOCH 2 CH=CHC0 2 Et 

(187) 



■NO' 



CH 2 N0 2 
HOCH 2 CHCH 2 C0 2 Et 

(189) 
Scheme 36 



CH 2 N0 2 
PhCOCH 2 CHCH 2 C0 2 Et 

(188) 



Br 



j ^Y^co 2 e\ 



NaOEt 




PhCO 
n 



(190) 



Scheme 37 



PhCO-^S^C0 2 Et 

n 

(187) 

Br^N^^c0 2 Et 

(186) 
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as a muitiplet at 6 3.41. The Y methylene protons appear 
as two distorted doublets of doublets at 6 4.2 and 4.6 
respectively, while the exocyclic methylene protons 
resonate at 54.58 as tuo almost overlapping doublets of 
doublets (Spectrum P-10, and Table 5) (see p. 84). The 
CFIR determinations are listed in Table 3 (p. 62). The 
most distinctive signal is that of the N-linked carbon 
atom at 676.3 (Spectrum C-10). 

The reduction of the nitro compound (182) uas 
achieved by hydrogenation on 10% palladium-on-charcoal , 
in the presence of dilute hydrochloric acid, in quanti- 
tative yield. The ammonium chloride (120a) was derivatized 
as the corresponding amide, which uas checked by NfIR and 
IR spectroscopies (see later for the full characterization 
of the N-benzoate, Section 1.5.1). 







(1.3.3) l/ia open-chain ot ,g -unsaturated ester (1B7) 

To examine the second proposition, the commercial- 
ly available ethyl bromocrotonate (186) (sea p. 91) serves 
as an ideal starting material. Allylic halides are reac- 
tive intermediates and their usage in organic chemistry 

221 
has been reviewed. The displacement of the bromide 

(186) with potassium benzoate generated from a mixture of 
benzoic acid and potassium carbonate gave the benzoate (187) 
in quantitative yield. The compound (187) has also been pre- 
pared, in 66% yield, during synthetic studies on ketene and 

222 
its derivatives , as shown in Scheme 37, (190)-»(187) + (186). 
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Table_6B : CMR assigments of 2-butenolides (at 15 



MHz) 






Compounds 



Solvent 



O=o 



s 

dei) 



CDC1. 



C-1 



C-2 



174.02 



C-3 



121.8 



153.12 



C-4 



q,/ Other 

Carbons 



■-0- 

(200) 



CDC1. 



173.1 



72.26 



118.88164.19 



9 

,— OCPh 

V s0 

(231) 



CDC1. 



172.91 



72.12 



22.85 



r«3 

0- 

(202) 



CDC1. 



(203) 



=8 



acetone 
-d 6 



117.44163.7: 



71.21 



172.97 



174.6 



1 17.7*/ 



59.89 



163.6 



71.54 48.17 



128.9,129.: 
94,134.04 
and 166.01 



19.0lfl65.81j72.46f23.89 | 123.82, 

134.95* 
and 169.81 






K In the IR spectrum, the double bond stretching 

vibration is at 1655 cm" 1 . The PNR spectrum of the a ,3 - 
unsaturated ester (187) shous a doublet of doublets, J = 2 
and 4.5 Hz, for the allylic methylene protons, due to the 
couplings uith the olefinic protons aandS , as illustrated 
in the diagram: 



* H3 H2 1 

-CH 2 -C = C-C0- 

Y B a 
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The Y-protons show as a doublet of doublets at 6 4.98 

( -U,2) = *' 5 ' -^(4,2) = 2 Hz )« The H-2 
doublet of triplets at 66.1, 3 



appears as a 
"(2,3) 16 > 1(2,4) " 2 Hz > 



uhile the H-3 appears at 6 7.05, J ( ^ 2) = 4 .5, J ( 3 = 16 
(Spectrum P-1D). The tuo carbonyl carbon isotopes happen 
to overlap at 6166.01 in the 13 C-NNR spectrum of this 
compound. The allylic and the olefinic carbon atoms 
appear at 6 63.15, 122.58 and 141.59 respectively (Spectrum 
C-11). 



| As uith A 2 -butenolide (181), the a ,g -unsaturated 

carbonyl compound (187) underwent Plichael condensation 
uith the nitronate ion in a regiospecif ic fashion to 
yield the 0-nitromethylbutyrate (188) (Scheme 36) (p. 91 ) 
Due to sluggish manner in which the 18-croun-6 reaction 
was conducted previously, the employment of this catalyst 
uas not attempted in this series. 

The nitro group absorption signals in the IR 
spectrum of (188) are at 1540 and 1370 cm -1 . In the 1 H- 
mn spectrum, the neuly formed a methylene protons (H-2) 
appear as a doublet of doublets at 6 2.58: 



Hf-C-Hgu 

■0-C— CH c -Co- 
H e 3 H b 



CO 
1 
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As in the diagram, (H-2) protons couple to (H-3) proton 

to give a doublet, with a coupling constant 3, . = 7 H z. 

These protons (H g and H fa ) are further split, long-rangely , 

. i 
by (H-1 ) protons to two more doublets uith coupling con- 
stants 2 Hz and ca.1.5 Hz respectively. The signals at 
6 4.41 are assigned to the nitromethy 1 protons (H-1*). 
They also appear as a distorted doublet of doublets. 
Firstly, it is due to the coupling uith (H-3) proton to 
provide a doublet, 2d» f3 ) = 7 Hz. Then these protons 
(H f and H g ) are, in turn, coupled to the (H-2) protons 
via lang-range coupling to give tuo doublets uith finer 
splitting pattern, uith coupling constants 1 Hz and 0.5 
Hz. These long-range coupling patterns are only tentative- 
ly assigned since detail modBl-studies have not been 
conducted. The other methylene protons (H-4) appear as 
a doublet at 5 4.62, which is due to the coupling uith 
(H-3) proton, uith a coupling constant J, = 7 Hz. 
Finally, the methine proton, (H-3 or H c ), couples uith 
all the surrounding 6 protons to give a septet, uith a 
coupling constant of 7 Hz (Spectrum P-12). In the CfIR 
spectrum, the neuly incorporated nitromethyl carbon atom 
resonates at 676.17 (Spectrum C-12), uhich is comparable 
to that of the nitro lactone (182). 






In order to complete the synthetic sequence, 
it is necessary to remove the benzoate ester group in 
compound (168) (p. 91) and to lactonize the resulting 
hydroxy ester (189). A similar sequence uith the acetate 
(115) (see p. 58) had been utilized to produce the hydroxy 
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lactone (117) (see Discussion, Section 1.2.1.4, Scheme 
18). Thus the protected compound (188) uas treated with 
sodium ethoxide in ethanol (1.1 equivalents), at room 
temperature. By TLC, houever, only a small amount of 
the benzoate (188) uas hydrolysed, surprisingly. There- 
fore, aqueous sodium hydroxide (again, 1.1 equivalents) 
uas tried; there uas only slightly more product formed. 
In the end, the mixture uas refluxed for one hour and 
followed by an acid uork-up to effect the ring closure. 
After column chromatography, the required product (182) 
uas obtained in an overall yield of 4%, uhich had been 
identified by physical means, and most of the unreacted 
benzoate uas also recovered, as indicated by TLC and NMR 
spectroscopy. Houever, there is no clear explanation for 
the experimental stability of the benzoate (188). Perhaps, 
it is due to the ionization of the nitromethylene group. 



Since the nitro compound (182) could be more 

successfully prepared by the previous procedure, this 
became less important and uas not pursued any further. 

(1,4) Attempted synthesis of the hydroxy lactone (117) 
by means of (c)-disconnectinn 









(A) 



CO2H 

OH 



C0 2 H 



1 ' 3 - dicl l 



+ HC0 2 R 



(3) 



C0 2 H 

(K) (L) 



1 
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As indicated in the analysis of the disconnect- 
ions (Discussion, Section 1.1 ), a neu carbonyl group is 
introduced to the main molecule as a way of extending it 
by one carbon unit. 

In some recent publications, the preparation of 
3-hydroxymethyl-y-butyrolactone <117), which ue had al- 
ready made by a different route, has been reported and 
used in the synthesis of prostaglandin analogues. 223 



The stages involved in the preparation are 
presented in Scheme 38. To make the starting material, 
a Claisen condensation is carried out on diethyl 
succinate (191 ) uith ethyl formate. Diethyl 2-formyl- 

succinate (192) has been prepared and used in many 

225 

occasions. The most interesting of these examples 

is the conversion of compound (192) to succinic semi- 
aldehyde, b a product of the transamination of GABA 
in its metabolism (see Introduction, Section 3.3). 
In our approach, sodium hydride uas used 224b as base. 
Thus the carbanion uas obtained by careful addition of 
sodium hydride to a mixture of diethyl succinate and 
ethyl formate in diethyl ether. After the reaction, 
the product uas purified by distillation in a yield of 
61$. The formation of the formyl derivative (192) in 
the reaction could be checked by TLC. Because of the 
tautomerism betueen the aldehyde (192a) and the enol 
(182b) (Scheme 38), an elongated trace on the TLC plate 







Et0 2 CCH 2 CH 2 CO 2 Et 



(191 ) 



N0 2 
DoN-f \-N-N=CH 



! 2 I 






Et0 2 CCHCH 2 C0 2 Et 



(193) 



C0 2 Et 




-0 



(194) 



CHO 
Et0 2 CCHCH 2 C0 2 Et 

(192a) 

Et0 2 CCCH 2 C0 2 Et 
HO /X H 

(192b) 




CH 2 OH 



>=0 



-0- 

(117) 
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Scheme 38 



(194) 




(197) 



C0 2 H 




Scheme 39 



100 



could be observed and the enolic product could also be 
stained uith alcoholic F e Cl 3 solution a 3 a reddish broun 
streak. 

The PMR and CPtR spectra of the compound (192) 
shou 2 sets of signals uhich arise from the presence of 
the two tautomeric forms, in a ratio of about 2 to 1 in 
favour of the oxo isomer (192a). 



The formyl compound (192) uas further character- 
ized as its 2,4-dinitrophenyl hydrazone (193) by the 
usual procedure to afford orange colour crystals. This 
compound (193) has been made and characterized by Rosenthal 



and Elad. 



226 



The spectral data of this hydrazDne are 
compatible uith its structure (Spectra P-13 and C-13). 



The reduction of the formyl ester (192) uas carried 
out as described by Ishida et al . 223a Houever, after work- 
up by distillation, the product showed different properties 
from those expected. It uas much less polar than expected 
on TLC; there uere 2 carbonyl peaks in the IR spectrum, 
one expected for ay-lactone and the other characteristic 
of an ester. The presence of an ethyl group in the NflR 
spectrum confirms the compound as an ethyl ester. These 
spectral analyses of the product indicate a lactonic ester 
Aith a structure consistent uith that of ethyl paraconate 
(194). Even after further treatment uith sodium borohydride, 
only a trace of the desired hydroxy lactone (117) uas ob- 
served on TLC. Anyuay, the vielri nf fh^ 

r =y , me yield or this compound was 
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leu and it was impossible to locate the required alcohol 
in any of the other fractions of distillate either. The 
CMR assignments of (194) are shoun in Table 3 (p.62). 

In theory, using excess reducing agent, which 
creates a sphere of nascent hydrogen around the most vul- 
nerable aldehydic group, uill induce attack as uell at 
the ester group in its proximity, producing 2 hydroxymethyl 
groups. However, in reality, decomposition occurred to- 
gether with the actual reduction. 



Ethyl paraconate (194) has been prepared by the 
reduction of diethyl 2-f ormylsuccinate (192) uith: (1) 

ry q C q 

Al-Hg ' and (2) Raney Ni hy drogenation followed by 
elimination of ethanol at high temperature and pressure 
(70°/20 mm.Hg). 225f 



The use of ethyl paraconate (194) to synthesize 
3-hydroxymethyl-Y-butyrolactane (117) and then to the 

inducer Df streptomycin biosynthesis, A-factor, has very 

227 

recently been published by Mori as outlined in Scheme 

39 (see p. 99). The compound (194) has been converted 
to paraconic acid (195) and resolved to this particular 
(S)-isomer, * where the carboxy group is selectively 
reduced uith borane- methyl sulphide ( BMS) to the (5)- 
hydroxymethyl compound (196), one of the enantiomers of 
(117), and later to (197), 227 the (3R)-A-f actor. The 

preparation of the ( 3S )-A-f actor has also been, similarly, 

1.1 ^ 228 

achieved. 
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( 1 - 5 ) Synthesis of g -amin omethyl-Y-butvrolant.nn, 
salt (120a) by way of ( ^-disconnection 




Hal 



FGI 



7 



Reduction 



(A) 



Hal 




No carbon chain construction is needed in this 
series. The required amine equivalent is introduced in 
the last but one step. This is very similar to the later 
stage of the approach via a Uittig-Horner reaction (Dis- 
cussion, Section 12.1). The amino lactone (120) (see p. 
71) is also proposed to bB formed by means of catalytic 
hydrogenation. 

As in the allylic bromide [e.g., (186)] (p.91 ), 
nucleophilic displacement will produce an heteroatam 
linked allyl compound (also see Discussion, Section 
1.3.3). Thus an allyl halide which is attached to a 
lactone ring [e.g., (200)] uill be the choice for this 
disconnection. Indeed this should give the required 
azidomethyl y-lactone [ e.g. , (202)] by azidolysis easily. 









The bromomethyl lactone (200), which is ideally 
suited for the transformation was prepared, and its 
conversion to various aminomethyl derivatives is illu- 
strated in Scheme 40. 
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k =0 
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Scheme 40 






(1.5.1) Preparation 
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las 



3,3-Bis(bromomethyl) acrylic acid (199) u< 
obtained by the bromination of 3, 3-dirnethylacryiic acid 
(198) at the allylic positions with N-bromosuccinimide 
induced by a radical initiator, benzoyl peroxide,in 
quantitative yield. 229 ' 230 Without purification, the 
bromo acid (199) uas cyclized to the corresponding p - 
bromomethyl-2-butenolide (200) in 83/; yield using exactly 
one equivalent of base, sodium hydroxide, according to 
the method of Boeckman. 230 



To study the chemical properties of the allylic 
bromide (200), the novel benzoate (201) uas synthesized 
by the reaction of the bromide (200) uith benzoic acid 
in the presence of anhydrous potassium carbonate. The 
yield of this product uas 78$. 






The compound (202) uas formed by the azide dis- 
placement of the bromide uith sodium azide, using aqueous 
acetone as solvent. After purification, the azide (202) 
was obtained as an oil in 75% yield. This uas hydrogenated 
uith 10* palladium-on-charcoal uith a mixture of ethanol 
and 1 M aqueous hydrochloric acid to give the amine salt 
(120a) by the incorporation of one molecule of hydrogen 
to the 2-butenolide and one to the azide uith the concur- 
rent elimination of one molecule of nitrogen. It is in- 
teresting to knou that A a > 6 -butenolides can be reduced 
by catalytic hydrogenation, 231 ■ 232 uhile the a B > Y -buteno- 
lides are converted, sometimes, to mixtures of the buta- 



105 






nolides and the corresponding desoxy acids or just to 
the ring-cleavage compounds. The ammonium chloride 
(120a) uas successfully N-benzoylated with benzoyl 
chloride and with triethy lamine as base. It uas iso- 
lated, in 61% yield, as a light yellow solid. 

The phthalimido compound (203) uas prepared by 
reacting the bromide (200) with potassium phthalimide 
in IM-dimethylformamide for 50 minutes. However, there 
u/ere signs of decomposition, or perhaps some Michael 
addition via the nitrogen anion had occurred. 233 After 
purification, a high meeting solid uas obtained in 45% 
yield. 



Some GABA analogues are in the form of amides 
(either straight chain or cyclic) (see Introduction, 
Section 4) and they do possess activities as GABA-mi- 
metics. Since this compound (203) is an amide and also 
an analogue of GABA, it uas intended to test it as it i 
Since the compound is also a lactone, conversion of thi 
amide to the corresponding amine uas not attempted. 






(1.5.2) Spectral characterization 

In the IR spectra of all the butenolides two 
peaks „t 1760 and 1730 cm" 1 , which are characteristic 
of A^-butenolides, are observed. The benzoate (201) 
also shous a third carbonyl signal at 1715 cm" 1 for the 
ester group. The compound (202) has an azide band at 
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2100 cm , while the phthalimide (203) shows a secondary 
amide peak at 1720 cm" 1 . After hy drogenation of the 
azide, the signal at 2100cm" 1 , disappeared, being re- 
placed by a broad ammonium chloride band at ca. 3200- 
2500 cm , with a peak for the y-lactone at 1770 cm" 1 . 
The N-benzoate (183) shows bands at 3450 cm" 1 (amide H), 
1770 cm (y-lactone) and 1660, 1530 cm" 1 (amide I and II) 






The notations used for the 1 H- and C-NMR 
spectral interpretation are explained (see p. 89 ). In 
the PMR spectra of compounds (201) and (202), homoallylic 
coupling is observed between the olefinic proton and both 
methylene protons of the ring and of the exocyclic branch 
[Spectra P-14 for the benzoate (201) and P-15 for the 
azide (202) and phthalamide (203)] (see Table 6A for 
spectral details) (p. 93 ). 

The PMR spectra of both the salt (120a) and the 
benzamide (183) (Spectra P-16 and P-17, respectively ) 
show the same pattern as in the previous high resolution 
NNR measurements (see Table 5) (see p. 84). In the amine 
salt, the N-CH 2 signal is at 6 3.2 and the corresponding 
signal for the amide (183) is at 63.5. 



The CPIR spectra of these compounds are much 

234 

simpler. The carbon isotopes (C-2 and C-3) in the 

butennlides usually resonate at ca. 6118. and 164 respect- 
ively and these, after hydrogenation [e^., the azide 
(202)^the salt (120a)], shift to 634 and 32. The 
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resonance of the C-1 carbon signal depends on the sub- 
stituent [e^., in the bromide (200) at 6 22.9 while in 
the benzoate (201 ) at 659.9]. The data for the buteno- 
lides being listed in Table 6B (p. 94 ) [benzoate (201) 
(Spectrum C-14) and azide (202) (Spectrum C-15) and 
phthalimide (203)] and for the butanolides in Table 3 
(see p. 62) [salt (120a) (Spectrum C-16) and amide (183) 
(Spectrum C- 1 7 )] . 

(1»6) Photooxyqenation of furans : ( e )-disconnection 




FGI 



_. J . Oxidation [_ 



H 



(A) 



(0) 



(P) 



The preparation of butenolides and y -butyrolact- 
ones from furans has been reported recently. These methods 

include singlet oxygenation, 235 electrolysis 236 and per- 

237 
acid oxidation. For example, silylated furan (204) 

can be readily oxidized by peracetic acid 237a to the 3- 

substituted butenolide (205) in T«* yield (Scheme 41). 



The oxidation of furans with singlet oxygen has 
had widespread application in organic synthesis. This 
oxidation, which takes place through an initial 1,4 en- 
doperoxide, leads to many different types of products 
depending on the reaction conditions. 238 The formation 
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of enedianes by the reaction of furans with singlet oxygen 
in alcoholic solvents appears to occur by the solvolysis 
of initially formed endoperoxides to yield alkoxy hydro- 
peroxides which may be hydrolyzed to the corresponding 
enediones as shown in Scheme 42. This we can visualize 
without the need of too much imagination is due to an 
(s)-disconnection, when the keto groups [ e.g . , (210)] 

is replaced by aldehydic functions. As in the total 

235a 
synthesis of portulal, the 3-substituted furan (211) 

has been photooxygenated and then reduced to the pre- 
cursor of the natural product and finally to portulal (21 2 ) 

(Scheme 43). A diol such as (212) could be converted to a 
butenolide by oxidation (see Introduction, Section 5.1.3) 
and further elaborated to the required aminomethyl compound, 

Ue planned to use a protected aminomethylf uran 
[ e.g ., (216)] as our starting material for this particular 
transformation, which will be projected to give an isomeric 
mixture of the phthamidomethylbutenolides ( 21 6 )-*( 221 )-♦( 223 ) 
(Scheme 44). 



(1.6.1) Preparation of the phthalimide (216) 

The chloridB (215) was prepared by a literature 

239 ^ 

method. However, in the first run, about 20% of the 

product was contaminated by a second compound, showing 

a methylene proton signal at 64.9 (ABq, 3 = 12 and 18 Hz) 

in the PI1R spectrum. It was assumed to be the ester 

(214). This was retreated with thionyl chloride to give 

one product in 62$ yield. Recently, an improved procedure 
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240 
has been published ' using mesyl chloride, lithium 

chloride and S-collidine as base in 80-85% yield. 






The chloride (215) was converted to the phthali- 
mide (216) in 41% yield by the usual procedure. A brown 
solid, melting at 74-76 , was obtained uhich turned darker 
in colour on storage at room temperature for two to three 
days. Spectral analyses by PMR and CMR are shown in 
Spectrum P-18 and Spectrum C-18. 



(1,6.2) Singlet oxygen oxidation 

To test out the reaction, the readily available 

241 
alcohol (213) was used. Sensitized photooxygenation 

(uith methylene blue) of the furan, at -7B , was com- 
plete within one hour. Without isolation, the resulting 
endoperoxide (217), uhich would behave as an ozonide, 
was reduced uith either vitride [ NaAlH 2 (0CH ? CH 2 0CH 3 )„] 
or sodium borohydride. The trial (218) was indicated 
to be present in the product by PMR spectroscopy. Thus 
attempts were made to characterize the alcohol as the 
benzoate (219). However, after purification, only a 
small yield of the impure compound (219) was obtained. 
The phthalimide (216) was similarly oxidized, reduced, 
and benzoylated. As before, only some of the required 
product was formed, as judged by the NMR spectrum. 









Since this reaction did not seem to offer a 
promising route to the required butenolide, this approach 
uas abandoned. 
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( 2 ) Preparat ion of Y-aminomethyl-Y -butyrolactones 
[ e.g., (232)' 



On examination of the structure of Y-aminomethyl- 
Y-butyrolactone [ e^. , (232), see p. 115], we should rea- 
lize that it can overlap uith the amino-lactone part of 
bicuculline (3) (see p. 16). As before [in the S-amino- 
meth yl-Y-butyrolactone (120) (see p. 54) case, Discussion, 
Section 1], examination of the structure of (232) using 
Dreiding models indicates that it closely resembles an 
extended GABA conformation (5). In fact, this compound 
is more an analogue of bicuculline than that of Y-amino- 
butyric acid (GABA). 

I 2 * 1 ) Strategies of synthesis 

The same disconnection method 148 was used to 
study the construction of the target molecule \ e.g.. 
(232)]. However, considerably less uork has been done 
by us on this derivative. Only those disconnections will 
be mentioned which we have attempted to utilize and are 
shown as follows. 



«—i 



X, 



■ 



(A) 
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The retrosynthetic analysis of the molecule (A) 
suggests the following possibilities [using the same ter- 
Jinology as before (Discussion, Section 1)]. 



31 
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(c)-Disconnent-.inn 
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an 



(2-2 - 1) - ':""" nf [tott—m !■„! 

salt fe.q., C22&23 "la the h„-.,„.,k „. .. , " 
tamic acid 

The stages involved in the synthesis are present 
in Scheme 45. 



(2.2.1.1)Synth..l. „f ( S)- < l-h„rlrnv,..t.h., -v-h,.,,-, - r t 

A 228 /. 



The 



asymmetric Y-hydroxymethyl-Y-lactone (228) 
- be constructed f rom either the amino-acid, L-glutami, 
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acid (224), by the present disconnection. or from a 
carbohydrate synthon as in (c )-disconnection (Discussion, 
Section 2, A) (see p. 138). 



The utility of this enantiomeric synthon (22B) 

as a building block for asymmetric synthesis is uell- 

242 
known. The following examples are taken from those 

which actually use the optically active compound derived 
from L-glutamic acid [ (S)-glutamic acid]. It has been 
used in the syntheses of a component of Trogoderma in- 
sect pherornone, c of Y-methyl-a-methylene- y-butyrolac- 
tone, of its less accessible ( R)~(-)-enantiomer 

*7 A H 

and also of D-ribose. 



Thus L-glutamic acid was converted stereospecif i- 
cally, without inversion, to the ( 5)-4-carboxy-y-butyro- 
lactone (225) via deamination using nitrous acid as des- 
cribed, in quantative yield. The mechanism of 
this reaction is believed to involve double inversion, 
thus giving overall retention of configuration. 2 * 4 ' 245 



On TLC analysis, compound (225) only gave a 
streaky trace. Although a greenish coloration gradually 
developed on storage, and a minute amount of reddish- 
brown fume was given off when the container was exposed 
to air (perhaps due to some nitrous acid being retained 
with the syrupy acid), it proved sufficiently pure to 
use for the next stage. This was confirmed by the high 
yields of the esters [(226) and (227)] (see later). 
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Spectral analysis of this compound indicated that 
it contained some acyclic a-hydroxyglutaric acid. In the 
IR spectrum of (225) the lactone carbonyl signal at 1780 
cm uas considerably weaker than a normal lactone C=0 

peak. In the present case it uas only as strong as the 

- 1 
carboxylic signal at 1715 cm . A very complex spectrum 

1 3 
uas observed by PMR spectroscopy. Furthermore, the C- 

Nf*lR spectrum (see Table 7 on p.121) suggested that about 

20% of a second compound was present, as indicated by the 

relative intensity of the peaks. 



Esterif ication of the acid using ethanol with 
p_-toluenesulphonic acid as catalyst (uithout removal of 
all the solvent) gave the hydroxy diester (227) (see 
p. 115) in quantitative yield. TLC and NMR analysis 
suggested that there uas only about 10% of the lactonic 
ester (226) present. To maximize the yield of the ester, 
the work up procedure uas modified. The solvent uas 
evaporated as far as possible, and the residual syrup 
subjected to the usual aqueous uork-up. The residue uas 
purified by distillation to give a light yellou oil, con- 
sidered from spectroscopic and TLC evidence to be mainly 
the monoester (226). The C-13 NMR measurements of this 
compound (226) are listed in Table 7 (p. 121). The ori- 
ginal report on the preparation of the lactone (226) 
does not mention the formation of the diester (227) sim- 
ultaneously, although this by-product is mentioned in a 
paper from another laboratory. Houever, this must 
be a persistent phenomenon, since the treatment of the 
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hydroxy diester (227) with neat trif luoroacetic acid also 
furnished the lactonic ester (226) in ca. 90* purity, uith 
the rest being in the open-chain form, judging by G.C. 
analysis . 

Selective reduction of the ester (226) had been 
effected by the use of sodium borohydride in ethanol. 
The desired hydroxymethyl-Y-lactone (228) uas obtained 
in 51% yield after careful column chromatography. 

The hydroxy lactone (228) has also been prepared 
from the lactonic acid (225) by reduction uith borane -methyl 
sulphide (BP)S) 242b > e (f or the use of BMS in the 0-amino- 
metbyl series see Discussion, Section 1.4). 



is a 



The IR spectrum of the compound (228) shous 
broad OH band and a strong Y-lactone carbonyl signal at 
3400 and 1765 cm" respectively. There are 2 bands of 
signals between 62 and 2.8 and between 63.4 and 4 for the 
a, 6 and exocyclic methylene protons in the PMR spectrum. 
The multiplet at 6 4.55 belonges to that of the methine 
proton (Spectrum P-19). The CNR spectrum of the alcohol 
gives a simple pattern of carbon atom resonances (Table 
7, Spectrum C-19) (see p.12l). 



The alcohol (228) uas characterized as the cor- 
responding 0-benzoate (229), using benzoyl chloride uithEt 3 N. 
Compound (229) uas obtained after purification, as a 

light yellou oil. in 50^ uioin tk-i 

' ±n DU7 ° yield. This compound shous 2 
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carbonyl signals at 1780 and 1720 cm' 1 for the y-lactone 
and the benzoate, respectively. The exocyclic methylene 
protons appear as an ill-defined doublet of doublets in 
the 100 NHz PMR spectrum (Spectrum P-20). The CMR spec- 
trum of the benzoate (229) shous a simplified pictuj 
compared to 1 H-N0R (Table 7, Spectrum C-20). 



ire 



(2.2.1. 2)Pr B paration of ( S )-4-tn Ry1 m ethvl-v-hut V rolactnn R 

The tosylate (230) (see p. 115) has been made 
and used in chemical synthes es . 242a " c m the study by 
Silverstein, 242a (230) reacts preferentially uith lithium 
di-alkylcuprates to giv/e the chain extended y-lactones 
(234) (Scheme 46), without affecting the ring and its 
stereochemistry. The tosylate (230) has been converted 
to the two enantiomeric y-valerolactones (236) and (238) 
as outlined in Schemes 47 242b and 48 242c (see p.120). 
To prepare the ( S)-enantiomer (238), the lactone was 
ring-opened to give the epoxide, uhich uas then lactonized 
uith trifluoroacetic acid to provide the necessary inver- 
sion of configuration. 2420 



Preparation of the tosylate (230) uas convenient- 
ly performed as for the 0-benzoate, rather using the con- 
ventional pyridine method. 242a " c The required crystalline 
product uas obtained in 50% yield. 



The PMR spectrum of the compound (230) shous 
the lactonic methine proton at 54.55 and the expected ABq 



120 



pattern of the aromatic protons (Spectrum P-21) and the 
CMR analysis is listed in Table 7 ( P . 121) (Spectrum C-21). 
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Table 7 



CrcR spe ctral parameters oF some (S)-y- sub- 
stituted Y-lactone.q 
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(2.2.1.3)Synthesis of th e asymmetric azide (231) and 

subsequent reduct ion to the ammonium chloride 
(232) 

Even though the preparation of this azide (231) 
by uay of the chiral synthon (228) (see p. 115) from L- 
glutamic acid is novel, ( S )- ( + )-4-azidomethyl- Y -buty ro- 
lactone (231) is a known compound, which has been made 
by Inch in the synthesis of S(- )piperidin-3-ol (243) 246 
from mannitol as outlined in Scheme 49 (see p. 125). 

The displacement reaction of the tosylate (230) 
With sodium azide using aqueous acetone as solvent re- 
sulted in decomposition, although these conditions had 
been successfully employed in the 3-series (see Section 
1.2.1.6). However, azidolysis in N, N-dimethylf ormamide 
did give the required azido compound (231) in 87% yield 
after chromatography, uhich was pure by gas chromato- 
graphic analysis. 



In the IR spectrum of this compound (231), the 
azide signal appears at 2100 cm" 1 . Its PMR spectrum 
is consistent with the assigned structure. In the 13 C- 
NNR spectrum, the N 3 CH 2 carbon isotope resonates at fi 54.2 
[compared with that of the tosylate (230) at 570.1 ] (Tabls 
?) (p. 121). 



The reduction of an azido lactone [e^., (231)] 
will produce an amino lactone (244), which, under non- 
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acidic conditions, can rearrange to a lactam (245) Scheme 
5D, (see p. 125). This is observed in the synthetic stu- 



dies of squamolone. 



247 



Thus catalytic hydrogenation of the azide (231) 
(see p. 115) in an acidic medium gave the ammonium chloride 
(232) in quantitative yield. The azide signal had dis- 
appeared from the IR spectrum of this compound (232) and 
instead a broad NH 3 band uas observed. The NI1R spectra 
shou very complex patterns. Even in the CMR spectrum, 
the usually simple pattern became much more complicated 
as a shadowy second set of singnals appeared. Ue assum- 
ed that these weaker resonances belonged to the open- 
chain form (about 30>), uith the lactone signals being 
appropriately duplicated at 631.7, 32.4, 47.1, 60.2 
and 189.1. The carbon atom assignments of the major 
component are presented in Table 7. 

The hydrochloride (232) uas derivatized as the 
corresponding benzamide (233), by the usual procedure. 
The amide (232) uas formed in 89$ yield as a creamy gum 
after chromatography. Formation of the N-benzoyl lactone 
in high yield indicates that under the reaction conditions, 
any acyclic acid form present in equilibrium in the ini- 
tial material is transformed to lactone. 



The IR spectrum of this amide (233) shows 2 car- 
bonyl signals: one at 1770 (lactone) and the other at 
1645 (amide). There is no 0-benzoate signal at ca. 1720 
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-1 
cm . In the PMR spectrum, the N-linked methylene protons 

appear as a band of signals centred at ca. <5 3.7. The same 
methylene carbon atom resonates at 543.42 in the CMR spec- 
trum (see Table 7 for complete assignment). In both NMR 
analysis, the presence of one benzoyl group is indicated. 
The most important evidence for the product (the projected 

N-benzoyl lactone) is due to the signal of the amide car- 

13 
bonyl C resonance at 6168.29, uhereas that of an fJ-ben- 

zoate [e.g., (229)] at 166.4. Thus all evidence suggests 

the identity of the product is a genuine amide, the H- 

benzoyl lactone (233). 









(2.2.1 .4) Displacement of the tosylate (242) uith piperidine 

The sulphonic ester (230) uas refluxed uith pi- 
peridine in ethanol for 5 hours, furnishing the N-pip- 
eridinium derivative (246a) (see p. 125) in the form of 
its sulphonate salt, isolated as a gum. It uas very 
difficult to purify. Although both the tosylate salt 
(246a) and the corresponding free amine (247a) produced 
by basification and extraction uith ethl}y_ acetate, gave 
spectroscopic evidence for being lactones, ue sought 
further confirmation by passing salt (246a) through an 
ion-exchange resin column, Amberlite IRA410 (Cl~), to 
obtain the chloride salt (246b), which uas further puri- 
fied by heating in aqueous solution uith charcoal. After 
evaporation, a colourless crystalline residue uas obtain- 
ed, uhich uas very hygroscopic. 

The IR spectrum of this substance shoued a 
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typical ammonium stretching band (3700 to 2100 cm -1 ) 
and the y-lactone carbonyl absorption at 1770 cm -1 . The 
CMR spectrum shou mainly one set of signals, which uas 
compatible uith the structure (246b) (Table 7) (see p. 
121). The presence of minor signals suggested the 
possible presence of some of the open-chain compound. 

Ue may note that it had not proved possible to 
purify the corresponding 3-aminomethy 1 lactone to the 
same degree (Section 1.2.1.6). 

As uith the y-aminomethy 1 lactone methiodide ( 247b) , 
physical data suggested the presence of the quaternary 
salt, but purification proved too difficult to achieve. 









( 2 «2.2) Prepara tion of racemic y-aminomethyl- v-butvro- 

lactone salt (252) by means of iodolactonization 

The use of halolactonization as means of cycli- 
zation has been mentioned in the Introduction (Section 
5.1.1). The lactones thus produced are racemates. This 
uill complement the synthesis of the optically pure isomer 
in the previous section. 

The sequence employed in the preparation of the 
required y-aminomethyl- y-butyrolactone hydrochloride (252) 
is portrayed in Scheme 52 
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(2.2.2.1 ) Synthesis 

The starting material, the iodo lactone (249), 
uas prepared by iodolactonization of pent-4-enoic acid 
(248) using the method of van Tamelen and Shamma. 248 
For the characterization of the iodide, the corresponding 
0-benzoate (250) uas made. The reaction of the iodo com- 
pound (249) with benzoic acid in the presence of either 
potassium carbonate or triethylamine failed to cause any 
ester formation. However, it uas possible to drive the 
esterification to completion by employing 18-croun-6 in 
the presence of anhydrous potassium carbonate in di- 
chloromethane and refluxing the mixture for 8 hours. 
After purification, the benzoate (250) was obtained as 
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a light brown oil in 31> yield. In contrast to the more 
reactive allyl halides [e^., (200)] (p. 103 ), which had 
been used in the 3 -aminomethyl series, this reaction 
did illustrate the less reactive nature of the alkyl 
iodide (249). TLC analysis indicated considerable side- 
reaction occurred (giving material immobile in the sol- 
vent used), which was also reflected by the low yield. 



The azide displacement was, fortunately, more 
successful. By heating a mixture of sodium azide and 
the iodo lactone (249) (see p. 127) in QIW at 100° for 
4 hours, the azide (251) uas produced in 56^. There 
was strong suspicion that, especially ln the presence of 
DMF, some of the compound (251) had been washed away, 
since small rather polar molecules like butyrolactones 
are reasonably soluble in water (also see azides of the 
S-series, Section 1.2.1.6). An attempt to improv/e the 
yield of the amino compound [ e_^. , (252)] by reacting 
the iodide (249) with potassium phthalimide in DI1F 
failed. No reaction occurred at room temperature, 
after stirring for 2 days, whereas heating the mixture 
at 100° for 4 hours only gave decomposition products. 



The azide (251) was reduced cataly tically in 



an acidic medium to afford th 



e ammonium chloride (252) 



in quantitative yield. The hydrochloride was derivatiz- 
ed as the N-benzoate (253) by the usual procedure (68* 



yield) . 
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(2.2.2 .2) Characterization 

The series of buty rolactone derivatives (249) 

(253) show the expected characteristic bands in their IR 

spectra. 






In the H-NMR spectra, the a and ^methylene pro- 
tons appear as a band of multiplets (^2.0-2.7). The Y - 
methine proton shous a pseudo first-order pattern of a 
combination of an AB quartet and a doublet, at 64.72 
[e^., in the amide (253)]. It uill be more convenient- 
ly classified as a multiplet. The chemical shifts of the 
exocyclic methylene protons expectedly vary with the type 
of attached substituent. These non-equivalent protons 
form an AB quartet pattern which is further split by the 
methine proton to give a doublet of AB quartets with cou- 
pling constants 3 = 7.6 and 4.5 Hz. The PI1R spectra of 
the iodide (249) (P-22), azide (251) (P-23), the hydro- 
chloride (252) (P-24) and the N-benzoate (253) (P-25) 
are compiled in the Spectra Section. 

The CHR spectra data are presented in Table 8 
(see p. 132) and also in the Spectra Section (C-22, C-23 

C-24 and C-25) for the above compounds (249) and (251) 

(253). 






Special mention is needed to clarify the ob- 
servation of the lactone and the corresponding ring- 
open form of the ammonium chloride (252) [see also p. 123 
for the corresponding asymmetric compound (232)]. 



T 
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As in the chiral form (232), the amount of both the lac- 
tone and the hydrated form uere measurable in the 13 C- 
NMR spectrum, judging by the relative intensity of the 
peaks, e^., at 6170.7 (lactone 00} and 181.70 (CO H). 
In the present case, the ratio of the 2 forms uas c_a. 
2:1. However, good yield of the benzamide (253) uas also 
recorded (68%) from this salt, as solid. This amide 
(253) uas the racemic form of (233). As ue can see both 
compounds gave similar spectroscopic details [ e.g . . C-13 
NNR measurements: Table 7 (p. 121) for compound (233) and 
Table 8 (p. 132) for compound (253)]. 

(2.2.2.3) Preparation of pent-4-enoic acid 

Since pent-4-enoic acid [(248), see p.-|27L is 
expensive (supplied by Fluka AG at £11.6 for 5 ml.) and 
ue were currently working on a project which needed 
diethyl allylmalonate (available from Aldrich Chemical 
Company at £8 for 100 g., a starting material for pre- 
paration of pent-4-enoic acid 249 ), ue made an effort 
to synthesize the required alkenoic acid (248). 



In the literature, conversion of allylmalonate 

(255) to (248) as in Scheme 53 by heating has been re- 

249 
ported. Thus the diacid (255) uas obtained by hydro- 
lysis of the diester (254) using sodium hydroxide. It 
uas thought the acidification and heating the very 
acidic aqueous solution (refluxing temperature for 1.5 
hours) should induce decarboxylation. HouBver, after 
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uork-up, only the diacid (255) uas produced. After iso- 
lation, the diacid uas suspended in 6N aqueous hydrochlo- 
ric acid and heated at 160-170° in an oil bath for one 
hour. This time a lactone uas formed in quantative yield. 
On examination of the NMR spectrum, it uas shoun that this 
compound uas the Y -valerolactone (256). Apparently, under 
these more stringent conditions, not only did decarboxy- 
lation occur, intramolecular cyclization uas enhanced 
as well. Thus the literature procedure uas followed by 
heating the solid (255) in an oil-bath at 150°. The 
solid melted uith effervescence. (It uas also noticed 
that uhen the melting point uas taken, decarboxylation 
occurred). After 30 minutes the resulting light broun 
oil uas checked by TLC and NMR spectroscopy. It uas found 
that the product uas a mixture of the required acid (248) 
and some 25% of the ring-closed isomer (256). The product- 



H(C0 2 Et) 2 



> < ^^/CH(C0 2 H) 2 



(254) 



(255) 




+ 



<^-^^C0 2 H 



(256) 



(248) 






Scheme 53 
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Table 8 : CI'IR spectral data of .snmo t. 
^lactones 



acemic y-substitut.Rrl 




Other 
carbons 



65.72/128.53, 
129.44, ( 
aromatic) 
129.67 & 
133.38,16: 
6.09(ester| ) 






127.47, 
128.78, 
132.03 & 
134.2 
[ aromatic ) 
168.65 
(amide) 






Perhaps due to sonant change, t h. 13 C readings of race m ic 
salt (252), using D 2 + 1,4-di MM . aa S olvent and stand- 
ard, are different fro m those of the ohiral compound (232), 
-ino D 2 ♦ DSS es solvent end standard (Table 7, see p.1,',) 
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ion of the lactone may be due to self-catalyzed cyclization 
because of the acidic nature of the carboxylic acid and 
also of the application of high temperature. This is 
obviously why the commercial product, which has been 
purified by distillation, is so expensive. 

The lactone (256) could be recognized in its PMR 
spectrum by the distinctive doublet (methyl group) at 61.4 
and the vicinal lactonic methine proton with which it is 
coupled, appearing as a multiplet at 64.6. This compound 
uas spectroscopically identical to Y-valerolactone . 25Q 

(2.3) Synthesis by way of ( b )-disconnection 



R 




=0 



(A) 



FGI 



P R 






(D) 



OH 







FGI 



/!V(CH2)2C0 2 H 




(E) 



As explained in the B-aminomethyl series (Sections 
1.2 and 1.5), it is difficult to mark out a clear-cut di- 
vision between this disconnection from the ( a ^disconnect- 
ion, except that this time the construction of the amino 
equivalent is done before the formation of the Y~ but yro- 
lactone ring. 
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(2.3.1) Epoxidation of diethyl allylmalonate 

The utility of oxiranes [e.g., (257) see p*13e] 

as intermediates in synthetic chemistry has been widely 

251 
studied. There are also numerous procedures appli- 
cable to the preparation of epoxides. 252 Peracid oxi- 
dation of alkenes is perhaps the most uell-established 



method. 



253 



Recently , other reagents have been intro- 



,254 , . 



duced ' (including molecular oxygen 254a and sodium 
hypochlorite in the presence of manganese porphyrin 254b ) . 

The highly strained cyclic oxide can be transformed 
into various organic compounds by a ring opening reaction. 
For example, nucleophilic attack by a carbanion gives 
mainly a secondary alcohol. 251 ' 255 Oxiranes have been 
converted regiospecif ically into primary alcohols via 
reaction with organotin derivatives. 256 



The sequence used in this work is given in Scheme 
54 (p. 136). 



(2.3.1.1 ) 5ynthesis 

The required epoxide (257) uas prepared by the 
taction of the alkene (254) uith m-chloroperbenzoic acid 
(flCPBA). The use of 1.2 equivalents of the peracid for 
4-7 hours (at ambient temperature) gave only partial 
reaction, so a large excess of riCPBA (5 equivalents) uas 
used for 2 days. The required epoxide (257) uas obtained 
in 97?; yield. P art ially oxidized mixture uas retreated 
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With peracid for a further period to afford the full; 
epoxidized product. 



The synthesis of this epoxide (257) has been 
achieved 257 by the use of peracetic acid. In this paper, 
the amount of oxidant used is not specifically mentioned; 
the reaction uas carried out at about 30° for one day. 



' 



Reaction of the epoxide (257) with sodium azide 
in ethanol gave the azido alcohol (258) by substitution 
at the primary carbon. However, after work-up involving 
dilute acid washing, the corresponding lactone (259) 
uas obtained. On examination of the PMR spectrum of 
the product, it uas discovered that the ethyl group 
signal integration uas too low. Therefore, we concluded 
that some of the lactonic ester (259) decarboxylated 
during the isolation process. Presumably, this lactonic 
ester is easier to decarboxylate than that of the q_em- 
dicarboxylio acid (255). Thus it was decided to bring 
the reaction through to the azide (251) as in a one-step 
synthesis starting from the epoxide (257). The mixture 
of (259) and (251) was heated in dilute hydrochloric 
acid solution to effect complete decarboxylation to give 
just the azido lactone (251). After purification, the 
product was obtained in 39% overall yield, which u< 
identical to the authentic azid 



jas 



e prepared previously 



(spectroscopic and TLC analysis). 






^N^CH(C0 2 Et) 2 






(254) 



N3 n n 

•r°y° - 



H 



'C0 2 Et 



(259) 



* A co 2 Et 

I— CH 
C0 2 Et 

(257) 



I 



<j)H C0 2 Et 
N 3 CH 2 CHCH 2 CH 

C0 2 Et 

(25B) 
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N 3 
H 




0- 



fO 



(251) = (+) (231) 



Scheme 54 



(2.3.1 .2) Characterization 

The structure elucidation of the oxirane (257) 
is by infrared, 1 H NMR and 13 C NI'IR spectroscopies. The 
strong ester carbonyl absorption peak is visible at 
1720 cm . The PFIR spectrum shows the epoxide protons 
as an AFIX pattern to a first order approximation. 



H A, A , H X 

H M CH 2 -CH 
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H n # at 52.54 as doublet of doublets D, »= 5 Hz 

and ^(n,x) = 2 ' 7 Hz ' 

H fl , at 52.8 as doublet of doublets 1 = 5 H 7 

-(A, PI) ' 

an MA,X) = 4 Hz J 

H x , at 63.04 as multiplet due to the coupling as in 
the X part of an AMX spectrum and also coupled 
to methylene protons. 



A doubling of the ethyl signals can also be observed, one 
for each group. The full spectrum appears in P-27 (Spectr; 
Section). In the CPiR spectrum, only one set of signals 
for the ethyls and for the carbonyls is observed. The 
epoxide carbon atoms resonate at 649.15 and 49.93 assign- 
ed to primary and secondary carbon respectively. (Spec- 
trum C-27). 




The lactonic ester (259), showed infrared absorption 

as expected, whereas peaks were clearly seen for the azide, 

Y-lactone and ester carbonyl groups (at 2100, 1770 and 

_ 1 
1720 cm respectively). The PPIR spectrum showed the 

expected absorptions, including a band of multiplets for 

the y-lactone protons (at 62. 58-2. 7B) and a multiplet 

assigned to the azide methylene protons. 

The decarboxylation product (251) provided iden- 
tical spectral data to those obtained by the previous 
route (Section 2.2.2). 



(2.4) Synthesis by means of ( cj-disconnection 
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FGI 



HO 

(D) 



R^yCHO 4 ^PCH 2 C0 2 H 
HO 

Uittig- 
q4— OH Horner (F) (q) 




^^R3s N . CH2 A 



(H) 



© 



+ CH 2 C0 2 H 
(i) 



In this construction, acetic acid derivatives 
are required to react with an aldehyde or an epoxide. 
The chain extension is provided by (1) a Uittig-Horner 
reaction and (2) epoxide ring opening by the synthon f 
0CH 2 CO 2 H. 



or 



( 2 * 4 * 1 ) Preparation of the chiral building block (5)-4- 
hydroxymethyl-y-bu tyro lea tons (228 ) 

In parallel uith the synthesis of this alcohol 
(228) from an amino-acid (L-glutamic acid, see p. 115 ), 
the use of a carbohydrate precursor in the manufacture 
of this same compound is reported here (see p. 143 for 
reaction scheme). 



The synthesis of this chiral alcohol (228) or 
its precursor [e.^., (261)] from glyceraldehyde [(260), 
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see p. 140 ) or the related iodide (262) 259 or oxirane 
(264) by various chemical transformations has been 
reported (5cheme 55). The reaction of 2, 3-isopropy- 
lidene-D-glyceraldehyde (260) uith Uittig reagents 
(using ylides) 258a ' b or using the Knovenagel-Doebner 
reaction uith active methylene compounds 2580 (e.g., 
malonic acid) can give a , 6-unsaturated acids or esters 
[e^o.., (261)]. The iodide (262) 259 or epoxide (264) 243b 
reacts uith diethyl sodiomalonate to afford (228) after 
further manipulation. 



I 2 * 4 - 1 .1 )Synthesis of 2 . 3-isooropylidene-D-qlvceraldehvdt 
(260) 



The starting material for the preparation of 
the aldehyde (260) uas 1,2 : 5, 6-di-O-isopropylidene- 
D-mannitol (266) uhich uas prepared from D-mannitol by 
the method of Chittenden. 260 There uas also some of the 
tris-acetalated product (267) formed, uhich could be 
separated Prom (266) by column chromatography. 



Glycol cleavage of the diol (266) by either sodium 

2 fi 1 
metaperiodate using phase-transfer conditions 2430 or 

lead tetraacetate gave the aldehyde (260). In the 
infrared spectrum, a hydroxyl signal (at 3420 cm -1 ) 
and a carbonyl absorption peak (at 1735 cm -1 ) could be 
observed and the 1 H-NP1R spectrum uas much more complex 
than that expected of the pure glyceraldehyde (260). 
Apparently this uas a mixture of the aldehyde and some 






(A) 



(B) 



(0 



X 







0- 
0= 



(260) 



\ 



«H 

H 



. < 



-H j^ 
C=C 

H C0 2 CH 3 

(261) 



Xq^h 



, x; 



0- 



HO- 



s 



0- 



»H 



'0^ 



r=0 



s, 



-> H 



(262) 

0' 



CHC0 2 Et 
C0 2 Et 

(263) 



■H 
x OBz 



BzO-i 



/0 N _ ( 






(228) 



(228) 



(264) 



C0 2 Et 



(265) 



Scheme 55 



HO 
H 



o- 



0- 



H 



0- 



■H 



■OH 



H- 



-0 



-o 



X 



H 



■H 



=£* 



(266) 



> 

(267) 
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of its hydrate. It is knoun that some aldehydes appear 
in dimeric or polymeric Form and this also explains the 
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r 

presence of hydroxyl groups ( e.g . , ethyl glyoxylate deriv- 
ed from periodic acid cleavage of tartaric acid diester ). 
To prove thR identity of the oxidation product, the above 
prepared aldehyde (260) was converted to its 2,4-dinitropheny 1- 
hydrazone (268) (see p. 143) by the standard procedure (see 
Experimental Section). Interestingly, this isopropylidene 
glyceraldehyde hydrazone (268) has not been reported but 
only the corresponding deacetonated compound. The orange 
yellow crystals have a melting point of 83°. The PF)R 
spectrum of (268) shows two clear 3-proton singlets for 
the 2 methyls, at 61.38 and 1.42. Like the epoxide [(257), 
see p. 136], the 3-protons of the 1 , 3-dioxolane ring appear 
in an AMX pattern. 



X 0^H X 



H |V) , at 64. D3 as doublet of doublets, 3 / fl „\ = 8 Hz 
and 3/ ^ ^\ = 6 Hzj 

H fl , at 64.28 as doublet of doublets, 3, „-» = 8 Hz 
and J_^ jyj w\ = 6 Hzj 



H x , at 6 4.78 as well-balanced AB quartet, perhaps 
a combination of couplings with H fl , H and 
the "aldehydic" H, 3 = 6 and 13 Hz; 

H , at 68.98 as doublet, 3 = 3 Hz (also see Spectrum 
P-2B). 
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13, 



In the C-NMR spectrum, the dioxolane ring carbons 

give signals at 666.8, 75.07 and 10.97, and the aldehydi, 

carbon at 6151.04 (Spectrum C-28). 



(2.4.1.2)5ynthesis nf the unsaturate ester (?F]Q) anri A _ 
hydroxyme thylbutyrolactonR ( 228J 



■ er 



As mentioned before, although the methyl est. 
of the a, Unsaturated acid (261) ( p . 14u} nas been pre . 
pared by either a Uittig reaction 2583 ' * or a Uittig-Horner 
reaction 2583 and the ethyl ester (269) (see p. 143 ) (one 
of the tuo isomers) by a Knovenagel-Doebner reaction, 258c 
the synthesis of this ester (269) by the Uittig-Horner 
methodology has not been reported. Furthermore, the con- 
version of this to (228) (Scheme 56) has not been tried. 



or 



The Uittig-Horner reaction uas conducted as f ( 
1,3-diacetoxypropanone (109) (see Discussion, Section 
1.2.1.2) (p. 55). However, only a fair yield (ca. 50%) 
of the a,3-unsaturated ester (269) uas obtained. Perhaps, 
there was a chance of further polymerization of the al- 
dehyde by the presence of a strong base, sodium hydride. 
H uas noticed that a good deal of organic solid uas 
also formed during the reaction. Recently, a procedure 
for the Horner-Uadsuorth-Emmons reaction for base-sen- 
sitive compounds has been published by Plasamune. 264 
The method might have been useful for this preparation. 
However, the project uas terminated before this paper 



appeared. 
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»H 



^N — N 
H 
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o- 



0- 
H 



H 
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=0 



(260) 



HO-^ 



ff 1 



(228) 



X°^ H H — ><£ 



C0 2 Et 

(269) 



Scheme 56 



>H 



n 



C0 2 Et 

(270) 



I 



HO-n 
HO- 



'H 



C0 2 Et 

(271) 



The spectroscopic data of (269) correlated uell 
with those of the reported trans- a , ^-unsaturated ester 
prepared by the Knov/enagel-Doelner reaction. 258c The 
stereochemistry of (269) about the double-bond is trans 
as indicated by 1 H-NPIR spectroscopy. In the PflR spectrum, 
an ABX system is observed for the olefinic protons (A and 
B) and the dioxolanyl proton (X). 
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H 



H, 



^ 



H Y H x 



^C0 2 - 



H x shows further coupling to the other protons in the 
dioxolanyl ring. H appears at 67.0, J, , = 20 Hz 

2(a, X ) = B Hz ' and H A at «6-3. J< A , X) = 2.6 Hz, J^ B) 
= 20 Hz. H x resonates at 64.70, as a combination of 

triplet and doublet of doublets, 3> u „* a 7.8 Hz 0, 

-(X,Y) ''° n ^» ^(X,B) 

: B Hz » ^ x . =2.6 Hz run on a 60-MHz NNR spectrometer 
(Spectrum P-29). These couplings are comparable with 
those of methyl trans - manno -pctanoat.fi prepared by a 
tfittig reaction. 265 The 13 C-NNR spectrum is also con- 
sistent with the assigned structure of (269) (Spectrum 
P-29). 



The a,3-unsaturated ester (269) was hydrogenated 
with 10;.J palladium-on-charcoal as catalyst. However, 
spectral analysis suggested the product to be a mixture 
of the hydroxy ester (271) (p. 143) and hydroxy lactone 
(228). The starting ester (269) was apparently absent 

since no isopropylidene signal could be observed in the 
1 
H-mR spectrum of this mixture. The mixture was there- 
fore treated with trif luoroacetic acid to give the chiral 
hydroxymethyl lactone (228), uhich was spectroscopically 
identical to the one prepared from L-glutamic acid. 
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(2,4,2 ) Preparation of race mic 4-amino-methvl-y-butvro- 
lactone salt (25?) 

The starting material f or this series of react- 
ions is a functionalized epoxide [e^., (272)], uith the 
two carbon unit draun, conveniently, from diethyl malonat, 






Nucleophilic ring opening of the phthalimido 
epoxide (272), for example, uith uater, ammonia and other 
amines, has been reported, 266 but no reactions uith car- 
banions have been found in the literature. 

The reaction of the epoxide (272) uith diethyl 
sodiomalonate should furnish the hydroxy ester (273). 
After uork-up, in line uith the results in the previously 
discussed reaction using diethyl malonate, a mixture of 
the lactonic ester (274) and the lactone (275) uas ob- 
tained. It uas decided to complete the decarboxylation 
by refluxing the mixture uith dilute hydrochloric acid. 
Houewer, TLC analysis indicated that the phthalimido 
protecting group uas being removed simultaneously uith 
the decarboxylation. The phthalic acid liberated uas 
removed by extraction. From Pftfl and TLC evidence, there 
was still a small amount of the carboxylic acid left 
ev/en after several uashings. The diastereomeric ammon- 
ium chloride (252) (see P .t46 for synthetic scheme) uas 
further derivatized as its N-benzoate (253), uhich had 
been fully characterized as the required amide. 



146 




P-CHf" 





(272) 




(275) 




(252) = (±) (232) 




j>J-CH2 



(273) 




C0 2 Et 
H 



OH C0 2 Et 







PhCN 
ii ' 



(253) = it) (233) 



5cheme 57 



The discovery that dilute hydrochloric acid can 
be used to deprotect phthalimido compounds may prove to 
be useful for the elaboration of g-phthalimidomethy 1- y 
-butenolide (203) (Section 1.5, see p.102). 
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(2.5) Some useful candidates for the transf ormation 
to Y-arninomethyl-Y-lactones 

The synthesis of several 2-butenolide inter- 
mediates r e.g ., (276)-(27B)] has been reported by Font 267 
from either glyceraldehy de or n_-butoxymethyloxirane . 
Some enantiomerically pure A a * -butenolides [ e.g . , (279) 
and (280)] have also been prepared by the Spanish group 
by functionalizing the product from pyrolysis of 2,3-p_- 
isopropylidene-D-ribono-Y -lactone (281). 
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=0 



(277) 



CH 3-O§0-n 
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Scheme 58 
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Another valuable intermediate is the 3-nitro- 
methylphthalide (284), which, for example, has been made 
by the Henry addition of nitrornethane to O-phthaldehyde 
(282) and followed by the oxidation of the adduct (283) 269 
(Scheme 58). The pharmacology of the corresponding ammon- 
ium chloride » c has been mentioned in the Introduction 
(Section 4). 






149 



^ Preparation of th e a-aminomethy 1-y -butvrolactones 
by direct f unctionalization of preformed lactones 



are 



a -Aminomethylbutyrolactones f e.g.. (308a)] 
not exactly structural analogues of GABA unlike 3-amino- 
methylbutyrolactone (120); however, they are lower ana- 
logues . 



The synthesis uas performed in either of two 
ways: (a) using the enolate anion of the y-lactone as a 
nucleophile, where the transformation (303)->(305) (Scheme 
62) (see p. 153) has not previously been reported; (b) by 
displacing the bromine of an a -bromo-y-lactone uith a 
carbon nucleophile, such as cyanide ion (l80)-»(306) 
(Scheme 63) (p.150). Houever, a -cyanobutyrolactone 
(306) is a known compound (by reacting ethyl cyanoacetate 
uith ethylene oxide in the presence of a base) which has 
been reported in 1940; 270 but it has not 
recently . 



been studied 



(3,1) Utilization of the acidic a oroton of ay-hut.y. 
rolactone 



Lactones can be substituted in the a -position 
by conventional reactions involving intermediate eno- 
late anion. For example, Aldol reaction of lithium 
and other metal enolates of 3-hydroxybutyrolactone with 
aldehydes can give a mixture of the erythro and th] 



ireo 



271 



isomeric alcohols [e^., (285) and (286), respective- 

!y] (p-i5i) 
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a-Acyl derivatives (287) are produced by Claisen 
27? 
condensation of y-lactones uith carboxylic esters in 

the presence of sodium methoxide. Treatment of saturated 

lactones uith t ris( dimethy2amino)methane, 273a Brederick's 

reagent [[ (CH ) N ] CHO-t Bu] 273b ' c nr G «lrf». 

o l J 2 — J > or Lola's reagent 

T(CH ) N-CH=N-CH=N + (CH ) Cl"l 273d fp ^ 

32 ^h 3 j 2 li J, affords an a-( dimethyl . 

inomethylene) compound [e^., ( 28B )]. The use of Eschen- 
r's salt [CH^Vh^I-] can provide a dimethylamino 
derivative (209) via the a-carbanion of the lactone 2743 
(H4M289) (Scheme 59). This amino lactone (289) has 
also been prepared by the reaction of a-bromo- Y -butyro- 
lectone uith Eschenmoser's salt promoted by zinc-orao- 



am 
mase 



hite 



274b 



and also by the reductive amination of 
methylene-Y-butyrolactone sodi 
in Scheme 62, see p. 153). 



urn salt 274c (296)-(289) (a 



grap- 
a-hydroxy- 

B 



The anti-inflammatory enamines (292) have been 
synthesized directly from the tetronic acids (290) 
or via the formyl compound (291) (Scheme 60) (p. 152 ) by 
reacting uith dimethylf ormamide acetal or uith dimeth- 
oxy-ethyl achate, respectively. 3 , y -tuitenolide (293) can 
react uith an ynamine such as (294) to afford the cor: 
ponding adduct (295) 276 (Scheme 61). 



•res- 



as 



The Claisen condensation uith ethyl formate u 
conducted as reported 277 to give the "salt" (296) of the 
corresponding enol in high yield (•*). The isolated 
product is mainly in the form of the enol (297) rath 
than the aldehyde (298). It uas possible to see the 
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presence of both isomeric structures in the 1 H-Nf v lR spec- 
trum of the product (measured in DgO), with a ratio of 
ca. 3:1 in favour of the enolic form. (Presumably, the 
product of the reaction uas not the salt, but free enol). 
To characterize the compound (296), the corresponding 2,4- 
dinitrophenylhydrazone (300) uas obtained by a convention- 
al procedure, but first adding one equivalent of acetic 
acid to liberate the free enol/keto tautomers, besides 
adding a feu drops of the acid as catalyst. Satisfactory 
Physical data could be produced for the resulting hydra- 
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zone (300). 

The reductive amination of (296) with dimethyl- 
ammonium chloride in the presence of sodium borohydride 
furnished a mixture of products, including some of the 
required dimethylamino lactone (289). However, using the 
reported reducing agent, 277 sodium cyanoborohydride, a 
fair yield of the amino lactone (289) could be obtained. 
It is known that NaBH 3 CN has been successfully applied 
to reduce imines and the yields are far better than those 
using other general reducing agents. Treatment of the 
amine (289) with concentrated hydrochloric acid afforded 
a white solid, the ammonium chloride (299). This salt 
had very similar physical properties to that reported 277 
(data including IR, 200 MHz-PMR an d melting point). 
However, we noticed, in the 13 C-N(V|R spectrum of (299), 
the lactone (299a) and open-chain form (299b) were 
observed [as in the Y -aminomethy 1 series (see p. 123 and 
129 )L in a ratio of roughly 2:1, as indicated by the 
relative intensity of the peaks. 



The reduction of the formyl (or hydroxymethylene) 

group uith sodium borohydride, either as the salt (basic 

278 
solution) ' or, after neutralization uith dilute hydro- 
chloric acid, as the aldehyde (298), gave the desired 
alcohol (301) in ca. BS% yield. Ue preferred to use the 
latter method, which did produce a slightly purer sample. 
The IR and NNR spectra of the compound (301) are consist- 
ent with its assigned structure. The alcohol (301) h< 
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also been prepared by hy drogenation of the aldehyde (298) 279a 
or the sodium salt (296). ° Another synthesis of the 
a-hydroxymethyl-Y-butyralactone (301) has been reported 2790 
by the reaction of 2-butenolide uith methanol in the 
presence of _t-butyl peroxide (Me 3 C0) 2 , as a mixture of 
(301) and its B-isomer, in c_a. 40% yield. The structure 
of the lactone uas further confirmed by benzoylating the 
alcohol to the corresponding ester (302) in 53% yield 
after chromatographic purification. The infrared spect- 
rum of this benzoate (302) shows 2 diagnostic carbonyl 



-1 



peaks: y -lactone (1770 cm" ) and ester (1720 cm ) . The 

1 
H NMR spectrum is more complex due to the extensive 

couplings of the ring protons, even at 200 MHz. Hcuev/er, 

it is possible to analyzye the exocyclic methylene protons. 

A doublet of AB quartets is recognized at 5 4.58 and 4.77 

uith coupling constants: J = 5.8 and 4 Hz (see Spectrum 

P-30). In the CP1R spectrum the carbon atoms of the 

Y-lactone resonate at {176.7, 39.4, 25.9 and 66.8 

(Spectrum C-30). 



Tosylation of the alcohol (301) gave a solid 
in low yield (16%), which uas spect roscopically charact- 
erised as the sulphonate ester (303). However, when 
azidolysis uas performed on this sulphonate in DI V IF, no 
azide (305) uas obtained, only decomposition occurred. 
Perhaps this could be rationalized by the fact that the 
very reactive tosylate (303) might readily undergo eli- 
mination (azide ion acting as a base) to the (exo)methy- 
lene-y-butyrolactone which could then degrade easily. 



156 






This could also account for the low yield of the isolated 
sulphonate. As an alternative, the mesylate (304) was 
prepared by a standard procedure. Even though there 
was evidence that the sulphonate did form, purification 
proved to be difficult. Thus, without further purificat- 
ion, it uas treated with azide but using a different sol- 
vent system (aqueous acetone). Ue hoped that the use of 
the rather less reactive mesyl ester would improve the 
yield of azide (305). On TLC analysis, a neu spot uas 
detected, but the growth of the baseline product uas 
even faster. when all the mesylate (304) had been 
consumed, the required product uas purified by column 
chromatography. The IR spectrum of the azide (305) show- 
ed the characteristic azide band at 2100 cm" 1 (but com- 
paratively weaker than that of the carbonyl signal). 
Houever, the 1 H-NMR and C-13 NI*|R spectra showed the pro- 
duct to be a gross mixture. As stated before, decom- 
position was likely uith such activated systems. The use 
of sulphonic acid esters as intermediate for the »- 
methylenation of lactones has been reviewed . 1 28e » f 

( 3 * 2 ) Nucleoph ilic displacement of a-bromo-Y -butvro - 
lactone with cyanide ion 



The reaction between cyanide ion and alkyl halid 

represents a convenient method for the preparation of nit- 

28 
riles. Primary halides give good yields of nitriles; 

secondary halides give low yields. The reaction fails 

for tertiary halides, which give elimination under these 
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conditions. Many other functional groups on the molecule 
do not interfere (of course, except the competitive ones). 
This is an important way of increasing the length of a 
carbon chain by one carbon: nitrites are easily hydrolyzed 
to carboxylic acids and can also be reduced to aminomethyl 

o p A 

groups. The cyanide ion is an ambident nucleophile, 
and isonitriles may be side products. 



Although a-bromo- Y-buty rolactone (180) may be 
expected to function as a secondary alkyl halide, there 
are two sites in the molecule uhich can undergo nucleo- 
philic attack, namely: the bromide and the lactone func- 
tional group. Both the bromide and the carboxylate ion 
are relatively good leaving groups. 



The reaction of a -bromo-Y-butyrolact one (180) 
(see p. 158) with sodium cyanide in DNF by stirring at 
room temperature for 3 days gave a mixture of the lactone 
(306) and its hydrated form (307). IR spectrum of the 
product revealed the presence of the broad OH group (ca. 
3500 cm ), 2 carbonyl signals at 1770 cm -1 (lactone 
C=D) for compound (306) and 1720 cm" 1 (carboxy C=0) 
for the acyclic form (307). Duplicated peaks were ob- 
served in the 3 C-NP1R spectrum, for instance, at I 115.88 
and 116.14 (two signals for C = N) , 6169.5 (C0 2 H) and 6173.82 
(lactone C=0), The above evidence (IR and CMR) strongly 
supported the proposed mixture of the product. Judging 
by the relative intensity of these 2 sets of peaks, the 
ratio of the lactone (306) to the acid (307) was 3:2. 
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Hydrogenation of the mixture [( 306) and(307)] over 
palladium-on-charcoal 2 gave a compound [assumed as a 
mixture of the ammonium chloride (308a) and the acyclic 
acid (308b)]. However, N-benzoylation of this mixturt 
failed to deliver the desired benzamide (309) and hem 
the presence of (308a) in the product of hydrogenation 
could be excluded. 



ice 
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(4) Aza-hete rpcvclBs as part of bicvclic Y-butyrolac - 
tones 

As mentioned in the Introduction (p. 15), aza- 
heterocycles can also be regarded as analogues of GABA 
and shou interesting neurological activity. Ue have 
attempted to prepare fully saturated azaheterocycles to 
extend these studies and relate such derivatives to the 
monocyclic buty rolactones ue have prepared. 

Ue have tried to make saturated azoles and azines, 
which contain the part structures (A)-(q) shown belou. 




(A) 




(B) 






o3 



(c) 



(D) 
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By comparison with the a-, 3- and Y -arninomethyl- 
Y-butyrolactones, the above structures (A)-(D) can be clas- 
sified as:- 

(1) resembling Y-aminomethy 1-Y -butyrolactone : (A) belongs 
to this category; 

(2) resembling 3-aminomethy 1-y-butyrolactone : both (B) 
and (C) belong to this class; 

(3) resembling a-aminomethyl- Y-butyrolactone : only (D) 
belongs to this category. 

(4.1) Pyrrolidine analogues 

The reactions involved in this synthesis are charted 
in Scheme 64, which will eventually lead to an (A)- or (B)- 
structured compound. It is uorthuhile to point out that 

the preparations of (312) and (314) have already been claim- 

283 
ed [also see later (p«162)]» 



3-Pyrroline [(311), supplied by Aldrich Chemical 
Company in 75% purity and being contaminated by 25% of 
pyrrolidine (310)] was used in the synthesis. Thus the 
protection of the amino function by benzyloxycarbonylation 
gave, in quantitative yield, a mixture of the saturated 
compound (313) and the alkene (312) in a ratio of 25:75, 
as indicated by PNR and CMR spectra. However, these two 
compounds could not be separated by chromatographic methods. 
Fortunately, the epoxide (314), prepared by epoxidation 
of the allylic amine (312), using meta -chloroperbenzoic 
acid, could be isolated in almost pure form by column 
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chromatography. The yield of this oxidation product from 
the commercially available 3-pyrroline was h2%. The epoxide 
(314), shows signals ( H NMR) at 63.38 (1H) and 3.43 (1H) 
assigned to tuo oxirane protons, both distorted doublets 
( 2 = 2 Hz), and signals at 63.84 (2H) and 3.94 (2H), both 
as doublets (3=9 Hz) assigned to the non-equivalent 
pyrrolidine methylene protons (Spectrum P-31). The 
pyrrolidine ring carbon atoms give signals in the 13 C- 
NHR spectrum at 5 47 . 26, 47.52, 54.94 and 55.53. Even 
though the molecule is apparently symmetrical, we believe 
that the shielding and deshielding effect of the carbonyl 
function of the benzyloxycarbony 1-protecting group can 
affect the chemical shifts of half of the pyrrolidine 
ring. Therefore, in the CHR measurements, 2 signals (one 
at lower field) for each pair of hetero-linked carbon 
isotopes (i^e., at 6 47.26, 47.52 . 54.94, 55.53 ) could be 
located (Spectrum C-31). 






By coincidence, the compounds [(312) and (314)] 
(see p. 161) have also been made in a conformational study 
of 3,4-epiminopyrrolidines. However, no NMR details 
have been disclosed in this paper. 

Epoxide ring opening with diethyl sodiomalonate 
in the usual manner gave the alcohol (315). However, 
unlike the open-chain oxiranes, which provides cyclizat- 
ion products upon acid washings, no lactone was formed 
[e_j£., (316)]. Although the yield of the hydroxy ester 
(315) was poor (22%), it did afford satisfactory physical 
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data to support its structure. The IR spectrum of (315) 
shows OH (3400 cm" 1 ), carbonyl ester (1710 cm" 1 ), and 
urethane (1680 cm" 1 ) signals, but no Y-lactone carbonyl 
absorption. The 1 H NPIR spectrum shous two almost over- 
lapping sets of ethoxy signals, the newly created carbon- 
junction proton appears at 52.72 and the W-linked pyrro- 
lidine protons resonate between 6 3.18 and 3.5 (Spectrum 
P-32). These findings are further confirmed by 13 C-NMR 
spectroscopy (Spectrum C-32) and microanalysis. 



I Nucleophilic substitution of epoxides is usually 

an S^2 process. 284 Thus a trans-compound is obtained. 

In the present case, the hydroxy ester [e^., (315)] is 
thus in a trans configuration. However, due to steric 
effects, the cyclization of a cis-hydroxy-ester to form 
a lactone is always easier than that of a trans-isomer . 
For example, in the acid hydrolysis of the trans -4.5- 
dihydroxycyclohexane-cis-1,2-dicarboxylate [(318), p. 165 ] 
(effectively an internal cyclization) derived from the 
corresponding epoxide (317) gives only one lactone (319) 

(Scheme 65), where the more favourable cis-hydroxy-ester 

28 5 
lactonized. However, the preparations of some trans - 

bicyclic-y-lactones [e^., (320)] 255 and some cytotoxic 

sesouiterpene lactones 286 (e_^., vernolepin) have also 

been reported. Ring opening of (321) ( seG p . 166 ) uith 

a sterically hindered carbanion derived from diethyl 

methylmalonate (322) affords the hydroxy ether (323). 287 

The authors explain the formation of the ether (323) by 

the fact that the £eri-methyl group in (321) hinders the 
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approach of the more nucleophilic carbanion to the benzylic 
carbon atom of (321), so that ethanol (solvent) or ethoxide 
ion, though a weaker nucleophile than the carbanion, effec- 
tively competes in the ring-opening process to furnish 

2R7 
the product (323) (Scheme 66) (see p. 166). 

In the hope that the trans -hydroxy ester (315) 
(p. 161) would cyclize under more forcing conditions to 
afford the corresponding lactone (316), neat trifluoro- 
acetic acid uas used. However, only removal of the N- 
benzyloxycarbonyl group occurred. Even after extensive 
purification, only a hydroxy ester uas obtained, which 
uas tentatively assigned as (324) (p. 166), based on its 
spectroscopic data (IR and PNR). In order to confirm 
the structure of (324), perbenzoy lation was carried out, 
but failed. Furthermore, treatment of (324) with 6N hy- 
drochloric acid (refluxing) did not give the required 
monobasic acid. Only decomposition products were obtain- 
ed. Thus the above evidence ruled out the structural 
assignment of this compound. No further work was done 
on this series of synthesis. 



(4.2) Piperidine analoau 



'") U u S 



All four structural isomers (A-D) can be mad< 
and were attempted. 
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(4.2.1) Synthesis from tetrahvdropyridine (325) 

Two routes were tried for the preparation of 
the needed Y-lactones [£^.,(328) and (329)]. For both 
reactions, the common intermediate, the N-protected te- 
trahydropyridine (326) uas required. Dn scanning the 
literature, it uas discovered that this compound (326) 
had appeared in patents. 238 However, no details have 
been disclosed. Similar compounds with ethoxycarbonyl 
and methanesulphonyl groups at the 1-position have also 
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289 
been reported. Thus the benzylaxycarbonyl-protecting 

group was introduced to (325) by the standard procedure 
in 69$ yield. The 1 H-NMR spectrum of the compound (326) 
shous a triplet at 63.56 ( 3 m 6 Hz) (2H-6) and an apparent 
quintet at 6 3.96 (3 = 3 Hz) (2H-2) [see (326) for numbering] 
respectively, and all the other protons appear as multiplets 
(Spectrum P-33). The C-13 NMR spectrum shous expected 
signal for all the aza-heterocyclic ring carbon atoms 
(Spectrum C-33). 



(4.2.1.1 ) Via a f2+2l cycloaddition reaction 

[2+2] Cycloaddition of dichloroketene to alkene 
has been widely utilized in synthetic chemistry. 290 Ori- 
ginally, ue had planned to employ this method to produce 
the dichlorobutanone (327). By analogy to reported com- 
pounds, derivatives such as (327) uould be expected to 
be formed regiospecif ically . 91 Dehalogenation should 

provide the required butanone, uhich on Baey er-l/illiger 

143 292 
oxidation ■ should afford the Y-lactone [(328) or 

(329)]. The literature procedure 2 ' 0b uas carried out but 

without success. Attempts to improve the reaction included: 

increasing the amount of input dichloroketene ( i_j_e . , di- 

chloroacetyl chloride / triethylamine) and varying the 

temperature and time. There uas still no reaction. Some 

extra low field signals were observed in the NMR spectrum 

of the crude mixture, perhaps due to the polymeric material 

formed as a result of di- or trimerization of the unreacted 

dichloroketene. It is of interest to knou that some l ess 
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electron-rich molecules, uhich similarly possess an e- 
loctron uithdrauing substituent, [ e.g ., (332)] also fail 



to produce adducts. 



293 



U.2.1.2) Through the epoxide (330) 

The required epoxide (330) uas prepared by the 
usual procedure from (326) in 55% yield. The synthesis 

of the corresponding J^-ethoxycarbanyl and JM-methanesulphonyl 

289 
compounds has already been disclosed. Two compounds 

(presumably isomeric oxiranes) running with close Rf values 

uere observed by TLC analysis. However, clean separation 

of them by column chromatography could not be achieved. 

Thus these two isomers uere used together in the next 

stage of the transformation (Scheme 67) (see p.i6a)» Tne 

i 
H-NMR spectrum of this mixture of isomers (330) showed 

unresolved multiplets for all the piperidine ring protons, 

nevertheless a satisfactory integration could be obtained 

1 3 
for these signals. In the C-IMMR spectrum a 2:1 mixture 

of isomers uas strongly indicated, from the relative in- 
tensity of the duplicate resonances. 

Ring opening of the oxirane (330) uith diethyl 
sodiomalonate gave the hydroxy ester as a crude mixture 
in very low yield. Attempts to purify the product by 
cyclization to a lactone under more stringent conditions 
or to isolate it as the mono rj-benzoate failed, incon- 
sistent results being obtained. 



Unfortunately these results in the pyrrolidine 
and piperidine series suggested that this approach to GABA 






analogues was unlikely to be useful. This led us to 
abandon this approach altogether. 
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(4.2.2) Synthesis starti ng from pyridine-3, 4-dicarboxylic 



acid 



The use of the more flexible protected piperidine 
derivatives had given us more problems than ue had antici- 
pated. Ue therefore decided to attempt to prepare the 
lactone attached to an aromatic ring, with the hope of 
reducing the aromatic ring in a final step. The chemistry 
of pyridine is well-studied. 294 There is also precedent 
for the synthesis of pyridine analogues of phthalide . 295 
If required, some other useful functional groups [" e.g .. 
nitro, sulpho and alky (or precursor)] can also be intro- 
duced during certain stages of the transformation. In 
fact, this constitutes an approach which is very similar 
to those used in the monocyclic y-lactone series. 






In the first instance, ue thought the reduction 
of an acid anhydride 128 ' 144 [e^., (334)] might be suit- 
able, which should give us the two isomeric lactones 
[(335) and (336)] (Scheme 68) very directly. Thus the 
anhydride (334) was prepared by the reported procedure. 296 
However, reduction using sodium borohydride, which has 
been commonly employed in the reduction of anhydrides 
to lactones, failed. There might have been a minute 
amount (less than 5%) of the product formed, as detected 

by NMR spectroscopy. Ue therefore reverted back to the 

29 5 
literature method. The required diethyl diester (337) 

could be prepared by either refluxing of the acid anhydride 
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(334) or the diacid (334) in ethanol in the presence of 
concentrated sulphuric acid 297 in quantitative yield. 
In the 1 H-NNR spectrum, 2 sets of ethyl proton signals 
were recorded: C-5 and C-6 protons resonated at 6 7.51 
end 8.85, respectively, as doublets and C-1 proton at I 
9. 08 as singlet (Spectrum P-34). The 13 C-NNR spectrum 
also gave the expected resonances for the carbon isotopes 
(Spectrum C-34). 

Base hydrolysis of the diester (337) using just 

one equivalent of sodium hydroxide QauP fh * 

■ yui-uxioe gave the 3-monoester 
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or 

(334) 
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(338) in lou yield (20%) after neutralization, which was 
obtained as crystalline solid. The filtrate was thus a 
mixture of the two isomers [(338) and (339)] uhich con- 
stituted an overall yield of 60%. The NPIR measurements 
of the more pure pyridine-4-carboxylic acid (338) uere 
identical to those reported by Joule 295 (Spectrum P-35 
and C-35). 



Attempts to reduce the ester [e^., (338)] uith 
sodium borohydride or old stock of lithium aluminium hydride 
failed. However, by the time a fresh supply of lithium 
aluminium hydride arrived, all the pure (338) had been 
used up. Thus the reduction uas conducted as reported 295 
uith the mixture of monoesters [(338) and (339)], uhich 
gave isomeric alcohols [(340a) and(340b)] in 80^ yield. 
These uere spectroscopically consistnent uith their 
assumed structures. Uithout further purification, the 
hydroxy acids uere converted to the lactones[ ( 335 ) and 
(336)] using dicyclohexylcarbodiimi de as the condensing 
agent in aqueous tetrahydrof uran . 295 This uas a poor 
yielding reaction (1Q%). It uas possible to differentiate 
the two UV-active products by TLC analysis; however, a 
very polar solvent system [a mixture of ethanol and ethyl 
acetate ( 1 : 2 )] was required. In practice, no separation 
could be achieved using ordinary gravity silica gel column 
chromatography. The chromatographic behaviour of these 
lactones [(335) and (336)] has not been published before. 
Thus, for the ease of discussion, the faster running spot 
uas assumed to be the lactone (335). However, the assign- 
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ment might be otherwise (and also see later for the struct- 
ural assignment of the saturated derivatives) . According 
to mR spectral data, these isomers uere obtained in a 
ratio of almost 1:1. The C-13 NNR measurements of some 
carbon atoms are displayed in the structures, for the 

sake of comparison, which are identical to th< 

295 
values. 
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(117-53)7 
(153-24)6 




4(14304) 






(335) 



(336) 



C0 2 H 
(121-99) 5 ip^-C0 2 Et 

^H^2 (149-26) 

(338) 



(152-81)6 



C0 2 Et 



(121-85)5 
(153-31)6 




■C0 2 H 



N ^2 (150-46) 

* 
(339) 



N.B. fiv/alues are in brackets (also see Experimental Section) 
* quoted from literature. 295 
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Catalytic hydrogenation of pyridine has been stu- 
298 
died, and the specific use of %U% palladium-on-charcoal 

as catalyst has been reported. 2 " However, it failed on 
our system. Finally, the reduction uas effected with 
Adams' platinum catalyst in the usual fashion to give the 
ammonium chlorides [(341) and (342)] in excellent yield. 
Since in catalytic reduction, the incorporation of hydro- 
gen is through one face of the molecule as the other is 
bound to the catalyst, usually one stereoisomer (the cis 
compound) is formed. Only tuo isomers were obtained after 
N-benzoylation assigned structures [(343) and (344)], which 
could be readily separated. The isomer eluted off first 
during column chromatography uas assigned (343) (see later 
for confirmation of the structures). 

Unsurprisingly, the 1 H-NNR spectra of the isomers 
[(343) and (344)] proved to be complex, 300 but were appa- 
rently consistent uith the general structure proposed for 
these compounds. 13 C-NFIR spectral analysis of piperidines 
has been studied recently. 301 ' 302 In the " c spectrai the 
most noticeable difference in the signals of (343) and (344) 
are due to those of C-2, C«4 and C-5 (for numbering of the 
structures see the next page). For the "phthalides" [(335) 
and (336)], no correlation could be drawn for the aniso- 
tropic effect of the carbonyl group on C-4 and C-7 (see 
p. 174 for numbering). Perhaps, in these examples, the 
chemical shifts of the aromatic ring carbons are mainly 
determined by the diamagnetic shielding effect (involving 
electrons on the nucleus). 155 Unlike the pyridine case 
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(22-54)5 

(34-47) 4k N / J 2(34.57) 
3 i 

R 

(343) 



(26-40)5 
(33-74)4 




^N ^2(33-72) 
3 i 
R 



(344) 



N.B. R = CPh 
II 







above, in the saturated derivatives, as ue can see from 
the structures, the anisotropy of the carbonyl group is 
marked: in (343) C-5 is shielded (resonates at 6 22.54) 
while in (344) C-5 is deshielded ( 5 26.40). For the 
assignment of the two CH 2 N carbon isotopes, in (343) C-2 
( 534.57) and C-4 ( 6 34.47), while those of (344) C-2 (6 
33.72) and C-4 (6 33.74), similarly due to deshielding 
and shielding effect, 4 respectively (see also the 
assignment of the a, 6-unsaturated ester (114) (p. 57). 
Furthermore, IR spectra, microanalyses and mass spectra 
of these compounds also support the structures of (343) 
and (344). 
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^ Synthesis of amino sugar lactones as GABA analoouRs 

For a variation of the substituents on the lactone 
rings and also the side-chains, the readily available aldonic 
acids and glycosides are useful starters for chemical manipu- 
lation towards the goal of preparing structural analogues of 
GABA. Carbohydrate derivatives such as alditols U.fl.. man- 
nitol), lactonic acids (e^., ascorbic acid 303 ) and antibac- 
terial glycosides ( e^. , the amino-sugars, gentamycin and 
streptomycin ) are medicinally useful compounds. 305 

Utilization of sugar molecules as synthetic inter- 
mediates for natural and unnatural products has been widely 
studies D (for example, in the recent review on the for- 
mation of convenient chiral intermediates from carbohydrates 
and their use in synthesis by Inch 246b ). Carbohydrates pro- 
vide valuable chiral substrates for the synthesis of enan- 
tiomerically pure chiral products, particularly natural 
products. 145a ' b 

In this dissertation, an effort had been made to 
prepare some lactonic carbohydrate derivatives that possess 
structural features of GABA, either in a straight bicuculline 
sense (e_^., 5-amino-5-deoxyaldono-1 ,4-lactones ) or with a 
direct GABA skeleton (as in 3-substituted branched-chain 
sugars). The rationale behind these constructions is the 
same as those in the Y - and p -aminomethyl- Y -lactones 
(Section 1 and 2). 

(5.1) 5-Amino-5-deoxvribono-1 ,4- lactone (349) 
(A) Synthesis 
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The sequence employed for the synthesis was based 
on that reported in the literature by Hanessian (with 
some modifications), outlined in Scheme 70. Initial at- 
tempts to selectively sulphonate the terminal primary hy- 
droxyl group (by controlled use of reagent at lou tem- 
perature) were unsuccessful. A similar failure has been 

307 
reported in the literature. The 2, 3-0-isopropylidene 

derivative (346) uas therefore prepared. Reaction of D- 

ribono- Y-lactone (345) with 2,2-dimethoxypropane in the 

presence of a catalytic amount of tosic acid led to the 

acetal (346) which uas obtained as an off-white solid. 



Tosylation of the monohydroxy compound (346) ac- 

3 n r 
cording to the reported procedure gave an 84/^ yield 

of the solid tosylate (347). The displacement of the 

primary sulphonate ester group in such aldono-Y-lactones 

should occur as readily as in analoguous alicyclic and 

aromatic compounds containing sulphonyloxymethyl sub- 

stituents, so that azide displacement uas not expected 

to present any problems [for similar azide displacement 

reactions see ( e.g ., in the B-aminomethy 1 series, Section 

1.2.1.6, and in the Y -aminomethy 1 series, Sections 2.2.1.3 

and 2.2.2)]. However, azidolysis using aqueous acetone 

as solvent gave only decomposition products. Ue there- 
of) IS 

fore tried a previously published procedure, (involv- 
ing heating in DMF and, after reaction, evaporating the 
solvent in the presence of butyl alcohol and finally 
extracting the residue with ether). However, no product 
could be found in the organic layer. Most of the product 
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1Q. 

V 

(348) 




(346) 




(347) 




HO OH 



(349) 
Scheme 70 




still appeared in the aqueous layer (TLC and IR of the 
residue after evaporation of uater). The uork-up proce- 
dure was therefore modified, concentrating the solution 
by solvent evaporation under reduced pressure, purifying 
the residue by column chromatagraphy ^ afford ^ ^ 
C348) in 21- yield, uhich .as still contaminated uith a 



18D 



small amount of DMF an d tosic acid, as detected by NMR 
sp ec troscopy. A recent paper reports the observation 
that sulphonate esters which have g-oxygen substituents 
present are resistant to nucleophilic attack. 
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The 



synthesis of azide (348) has also been achieved via 
oxidation of 5-azido-5-deoxy-2, 3-isopropylidene-D-ribose, 31 ° 
and the corresponding 2, 3-benzylidene compound uas similarly 
prepared. 306 The 2, 3-cyclohexy lidene derivative has also 
been reported. 3D7b 



Catalytic hydrogenation of the azide (348) in 
the presence of aqueous hydrochloric acid gave the hydro- 
chloride salt (349) as a brown hygroscopic solid in high 
yield. The salt (349) was previously described to be 
a high melting solid (lB6°). However, in our hands it 
proved to be air sensitive (like most lactonic ammonium 
salts prepared in the present work). It was possibly be- 
cause of the presence of DMF as a contaminant. 



(B) 



13, 



Characterizatinn 



The published synthesis 3D6 did not include V 




or C-NMR spectral data. A more recent publication on 
the use of ribonic acid Y-lactone (345) 311 does furnish 
data on some compounds analoguous to those we have pre- 
pared, facilitating assignment of signals. 

The 1 H-NHR spectra of the ribonic acid dsrivativ, 
she th.t. ror the rin 9 protons. H- 2 al.ays appaara as a doudiet, 
U - ••« • Hz), „. 3 as a doudiat or doublets ( 3 = 3 and 8 Hz) 



r es 



1B1 




or just a doublet ( 3 = 6 Hz) and H-4 as a triplet (J = 
3 Hz). The exoxyxlic methylene protons resonate either 
as distorted AB quartets [(34b) and (347)] or as doublet 
of AB quartets [(348) and (349)]. In the hydroxy com- 
pound (346), the H-5 signals appear at 6 4.25 as a dou- 
blet of doublets (3 = 2 and 13 Hz) and at fi 4.35 as a 
doublet (3 = 13 HO (Spectrum P-36). A similar pattern 
is observed for the tosylate (347) (Spectrum P-37). The 
resonances of the methylene protons of the azide (348) 
and the ammonium salt (349) (Spectrum P-38) are at 
& 3.70 and 3.42 respectively, both as doublet of AB 
quartets (3=2 and 14 Hz). 



1 3 
In the C spectra, the most distinctive changes 

in the chemical shifts OCCUP for c . 5# due tQ th(j 

effect of the attached substituents . The 13 C spectral 

data of this series of compounds are listed in Table 9 

and in Spectra Section C-36, C-37 and C-38 for compounds 

(346), (347) and (349) respectively. 

(5,2 ^ Branched-chain suga r derivatives as GABA analogues 



Branched-chain sugars are unusual in not having 
a linear carbon backbone. 312 Such sugars are primarily 
components of antibiotics produced by microorganisms, such 
as streptose, but several are plant products, e.g.. 
apiose 13 and hamamelose. A review covering the synthetic 
chemistry of branched-chain mono- and disacchari des has 
been published recently. 314 
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Table 9 



13 



C chemical shif ts of some S-substituted 0- 
ribono-1 ,4-1 act ones 



Other 



carbons 



22.59, 
24.54 
and 
108.33 



21 .48, 
24.21, 
25.91, 

11.13, 
128.44, 
130.01, 
133.91, 
and 
145.57 







183 






(5.2.1) Via 1 ,4-additio n to a . fi-unsaturated compounds 

As in the g -aminomethyl series of monocyclic 
-lactones, addition of a masked amino-carbanion (espe- 
cially that of nitromethane) to a , g-unsaturated esters 
give latent aminomethyl compounds could provide a use- 
ful approach. Furthermore, an analogy is provided by 
the Michael addition of a nitromethyl group to an a ,B - 
unsaturated glycosulose giving a branched-chain sugar 315 
[£•£•» (350)]. The discussion is limited to the attempts 
using a ,3-unsaturated sugar lactones as starting materials. 



(5.2.2) Starting from U-qluconolactone 

Ue first tried to isomerize D-glucono-1 , 5-lactone 
to the 1-*4-isomer by the method of Isbell and Frush 316 
(35l)-»(353) Scheme 71. However, in our hands, the hy- 
groscopic Y-lactone (353) proved to be difficult to 
isolate in pure form. Thus an alternative process was 
sought. It uas hoped that in the presence of acid, equi- 
libration of the Y- and 5-lactones would allow the effi- 
cient formation of the 5, 6-0-acetal of the Y-lactone (355). 
Thus the reaction of D-gluconolactone (354) uith 2,2-di- 
methoxypropane in the presence of p_-toluenesulphonic acid 
as catalyst by refluxing For ca. 3 hours or by stirring 
at room temperature for 2 days gave a protected trans- 
dihydroxy compound [(355) or (356)]. The infrared spec- 
trum of this compound indicated that it still possessed 
hydroxyl groups, whereas the 1 H-NMR spectrum ascertained 
the incorporation of isopropy lidene moiety. However, the 
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cyclic ether [(355) or (356)] was contaminated with some 
residual 2, 2-dimethoxypropane . Initially, us had assumed 

the product as the Y-lactone (35b). However, recently 

317 
a patent was published to claim for the preparation 

of a 4-6-benzylidene-6-lactone from D-gluconolactone, 

using similar acid-catalyzed conditions for the benzy- 

lidenation. Therefore it was possible that (356) was the 

compound ue had made. 

Acetylation or sulphonation of the diol (356) 
gave the corresponding 3-eliminated compounds, 318 the 
monoacetate (357) and the monotosylate (358). Attempts 
to reduce the double-bond by catalytic hydrogenation 
using 10% palladium-on-charcoal as catalyst at ordinary 
temperature and pressure resulted in no reaction. How- 
ever, the hydrogenation of the acetylated Y-lactone (359) 
to the 3-deoxy lactone (360) has been reported 319 under 
the conditions we used. This same paper also reported 
that the hydrogenation of the isomeric 6-lactone (361) 
to (362) required high pressure (100 atm). This further 
suggested that the parent compound (356) was a 6-lactone. 



The H-NMR spectrum of the acetate (357) shows 
a distinctive vinylic proton (C-3) at 65.30 as a doublet 
(2=2 Hz) and C-4 proton at 6 4.46 as a doublet of doublets 
12(3,4) = 2 Hz and ^(4,5) = 8 Hz] . A similar pattern of 
coupling is observed in the spectrum of the monotosylate 
(358): C-3 proton at 6 5.18 [d, 3^ 4 ) = 2 Hz] and C-4 
proton at 64.5 [ dd, 3(3,4) = 2 Hz. and 3,^ 5 ) = 8 Hz] 
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(Spectrum P-39). In the C-NNR spectra, the most dis- 
tinctive change from the diol (356) to the a , B-unsaturated 
compounds [(357) and (358)] is the disappearance of C-2 
and C-3 signals at 6 80.97 and 76.60 respectively, which 
are replaced by unsaturated carbon signals at 6110. 46 
[for (357), C-3] and 111.04 [for (358), C-3]. It is of 
interest to notice that for some reported a ,B -unsaturated 
aldonolactones, e.g . , 3-benzoyloxy-5-( 3-benzoyl-oxyallyli- 
dene)-(5H)-furan-3-one (363), the C-13 W\R spectra give 



signals at c_a. 6 138 for C-2. 
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However, ue did not 



PhCO 
II 





CH = CH— CH = 




(363) 



observe any signals in this region for our compounds. 

1 3 

The C spectrum of compound (358) can be found in Spectra 

Section (C-39). 



Attempts to add nitromethane to either (357) 
or (358) by various methods failed. Methylation of the 
diol (356) and subsequent elimination of methanol by 1,5- 
diazabicyclo [4.3.0] non-5-ene was also not successful. 
Other failed reactions include: (1) selective preparation 
of monoacetal (356) using 2-methoxypropene, 321 (2) Corey- 



• m 



322 
Winter reaction on (356) and also the triphenylphosphine/ 

■7 O T! 

imidazole/iodine procedure on (356) and (3) monotritylation 

324 
of D-gluconolactone . 
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(6) 



Biological results 






The racemic sulphonate salt (120b) and the enan- 
tiomerically pure hydrochloride salt (232) were tested 
as GABA analogues by Dr. IM . Bouery . Department of Phar- 
macology, St. Thomas' Hospital Medical School, in 1983, 
but uere found to be inactive. However, a potent GABA 
agonist activity for (232) was indicated in the prelimi- 
nary assays on spinal cord (presumably not on the same 
tissues as in the above experiments) by Dr. A. Nistin, 
Department of Pharmacology, St. Bartholomews' Hospital 
Medical School. 
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Conclusion 



Some neuroactiv/e aminomethyl-Y-lactones uere 
succsssfully prepared as GABA analogues. The 6-amino- 
methyl-Y-butyrolactone salts [(120a) and (120b)] uere 
obtained by the catalytic hy drogenation of the azide 
(119), the nitro compound (182) and the azido-2-buteno- 
lide (202). To synthesize the enantiomerically pure 
and racemic Y -aminomethy 1- Y-buty rolactones [(232) and 
(252), respectively], the azides[(23l) and (251)] uere 
similarly hydrogenated . The racemate (252) was also 
formed by the reaction of the epoxide (272) with di- 
ethyl sodiomalonate. A literature procedure uas used to 
prepare a-dimethy laminomethyl _ y-buty rolactone (299a). 
The piperidinium salt (246b) uas obtained from the 
tosylate (230) by displacement uith piperidine and 
folloued by ion-exchange. Houever, the parent compound 
(308a) could not be made. 



After several attempts in the synthesis of some 
of the aza-heterocyclic lactones [e^., (316)] from sat- 
urated azole and azine derivatives, tuo isomeric pipe- 
ridines [(341) and (342)] uere produced by the hydro- 
genation of the knoun f uro[3, 4-C] py ridin-1 ( 3H )-and-3( 1H )- 
ones [(335) and (336), respectively] using Adams' plati- 
nium catalyst. These primary and secondary amine salts 
uere further characterized as their N-benzoates [(183), 
(233), (253) and (343)-(344)] . 
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The amino sugar lactone (349) uas synthesized 
by a reported procedure. Houever, attempts to prepare 
the branched-chain sugar lactone analogues failed. 
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EXPERIHENTAI 



Apparatus, Chemicals and FIb t. h n d « 



Temperature 



15-30°C. 



Ambient or room temperature refers to the ran 



ge 



belting points 

belting points were determined with a Reichert 
apparatus, and are reported in degrees centigrades, un- 
corrected. 

Optical rotations 

A polarimeter uith a sodium light source, manu- 
factured by Optical Activity Ltd., MM used . A ^ pQ _ 
larimeter tube uas employed for all the measurements. The 
concentrations and solvents uere stated. The temperature 
of the apparatus uas also noted. 



Infrared spectra 

These measurements uere serried out uith e Perkin- 
Elmer infrared 297 or 597 spectrophotometer. Solids uara 
usually mulled uith Nujol before applied onto KBr disos 
and speotre uere then recorded. Gums or oils uere mea- 
sured as smears on KBr discs. Soma uere also dissolved 
in tritrcmomethane, trichioromethane or tetrachloromethane 



193 



as c£. 1% solutions and then enclosed in 1-cm sodium 
chloride cells and the spectra were usually run alongside 
with references. Absorption maxima (u max ) are reported 



-1 



in uave numbers (cm - ). 



Nuclear magnetic resonance spectroscopy 



(A) 



Proton magnetic resonance (PTIR) spectra 



Most of these determinations uere performed on 
a Jeol JNI V 1-FX20Q Fourier Transform NFIR spectrometer, Jeol 
j-NM-MH-lOO or Hitachi Perkin-Elmer R-24B spectrometer but 
a feu uere measured on a Varian A-6QD spectrometer in the 
stated solvents. Chemical shifts are quoted in 6 values 
relative to tetramethylsilane(TI ¥ lS) or 3- ( trimethylsily 1 ) 
propionic acid sodium salt (TSP) as an internal standard. 
However, in a feu cases, uhen Fourier transform spectra 
uere run in D 2 0, internal standards ( e.g ., TSP) uere not 
added. The HOD signal (ca.fi 5.2) uas programmed as the 
standard and the chemical shifts of the other signals 
uere adjusted according to it. Signals are described 
as s(singlet), d(doublet), dd(doublet of doublets), t( 
triplet), q(quartet), qnt ( quintet ) , sxt(sextet), spt(sep- 
tet): m represents multiplet, and b represents broad, 
8 *q*» bs(broad singlet). Spin-spin coupling is indicated 
by the symbol 3, uith the appropriate subscripts e.g . , 

-0,2)' 2(1,«). 






194 



(B) 



Carbon-13 magnet ic resonance (COTR) spectra 



All the compounds uere measured by either a Deol 
3KH-FX 200 (operating at 50 MHz) or Jeol JNN-FX 60 (oper- 
ating at 15 MHz) Fourier Transform spectrometer. All 
spectra uere completely proton decoupled. Chemical 
shirts are quoted in fi values relative to TMS, TSP, OSS 
[3-(trimethylsilyl)-l-p ropanesulphonic acid S0(jium ^^ 
1,4-dioxane or 2-propanone as an internal standard. 







Chromatography 

Reactions uere folloued by analytical thin layer 
chromatography (TLC) on Merck F fM precoated plates. The 
follouing solvent systems uere used to develop the thin 
layer chromatograms : 

A = trichloromethane : ethanol (1:1) 

B = trichloromethane : ethanol (4:1 ) 

C = trichloromethane : ethanol (93:7) 

D = trichloromethane : diethyl ether (1:1) 

E = trichloromethane : methanol (9:1) 

F = ethanol : ethyl acetate (1:2) 

G = ethanol : ethyl acetate (2:1) 

H = ethyl acetate 



I = ethyl acetate 
3 = ethyl acetate 
K = ethyl acetate 
L ~ ethyl acetate 



petroleum ether 40-60° (1:1) 
petroleum ether 40-60° (1:2) 
petroleum ether 40-60° (1:3) 
petroleum ether 40-60° (1:4) 
N = ethyl acetate : petroleum ether 40-60° (l : g) 
N = ethyl acetate : petroleum ether 40-60° (2:1) 
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I - ethyl acetate : petroleum ether 40-60° ( 4s1 ) 
D = ethyl acetate : 2-p ropanone : uater (10 . 5 . 2) 
Q = diethyl ether 
I R = diethyl ether : petroleum ether 40-60° ( 1s1 ) 
I 5 = diethyl ether : petroleum ether 40-60° (2:1) 
I T = diethyl ether : petroleum ether 40-60° (3:1) 

U = dimethoxyethane : petroleum ether 40-60° ( 3:2 ) 

The compositions solvent mixtures are stated 
"A. Products uere detected by examination or the chro- 
nograms under UV light, U.SL-58, manufactured by ultra- 

violet Products Inc. nnri h>, t • • 

inc., and by staming uith iodine vaoour. 

Tor carbohydrate deri„atives and s„, e oxygenated compounds, 

»n addition to the above-mentioned technics r„ ui sus- 

Hzino the product spots, the procedure by spraying Bittl 

• -xture Bf ethanol and concentrated sulphuric acid (4M) 

f»A) and heating on a hot-plate (ca. 150°) uas used. 

Preparative column chromatography uas carried 
■ut on N . rck Kleseigei 60 ( 70 . 230 mesh) using ^^ 
eiution. ron exchange chromatography uas performed on 

Amberlite IRA 410 (ex-Alririnhl 

tex Aldnch), a sulphonated styrene 

polymer (chloride form ) 



Gas chromatograms were recorded on the gas 

chromatographic machine, made by Carlo F rh e* 

uy Larlo Erba Strumentaziont 

Co., at the stated temperatures. 
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Gas Chromatography 



(1) 2 m x 6 mm (OD) glass, 5% SE 30 on chromosorb 
WHP 60-80, inlet pressure (1.0 kg cm ); as 
for compounds (109), (112), (114) and (115). 

(2) 26 m x 0.5 mm G-SCOT. OV-101, inject 
temperature 175 , inlet pressure 0.33 kg cm" ; 
as for compound (231) . 
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Solvents 

Benzene, dichloromethane, trichloromethane, 
anhydrous diethyl ether, dirnethoxy ethane and N,N-di- 
methlf ormarnide uere dried over molecular sieve (type 4A), 
tetrahy drof uran was dried and purified by passage through 
a column of basic alumina and stored over calcium hydride 

Solutions in organic solvents were dried over 
anhydrous magnesium sulphate or sodium sulphate. 
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General procedures 



(A) 



Acetalation of sugars 






The polyhydroxy compound (64 mmole) was suspended 
in 2,2-dimethoxypropane (80 ml) and 4-methy lbenzenesulphon- 
ic acid monohydrate (500 mg) uas added. The mixture uas 
stirred at room temperature for 2 to A days or refluxed 
for one to 3 hours. A clear solution uas usually formed. 
The formation of the acetal could be monitored by TLC. 
After the reaction uas complete, the acid catalyst uas 
destroyed by addition of either solid sodium hydrogen 
carbonate, or pyridine, or by partitioning betueen ethyl 
acetate and saturated sodium hydrogen carbonate solution. 
Finally, the solvent uas removed by distillation. The 
products obtained uere either syrups or solids, uhich 
could be recrystalli zed. 



(B) 



IM-Acetylation of ammonium salts 



(i) 



Using acetic anhydride and triethylamine 



A suspension of the ammonium salt (either hydro- 
chloride or 4-methylbenzenesulphonatej 1 mmole) in ethanol 
(1 ml) uas stirred rapidly, in an ice-bath, and treated 
successively uith triethylamine (5 mmole) and acetic an- 
hydride (2 ml). After stirring at ice-temperature for 
30 minutes, the reaction mixture uas alloued to warm up 
to room temperature for 2 hours. Then the mixture uas 
partitioned betueen trichloromethane and uater. The 
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organic layer uas separated, washed, dried and evaporated 
to leave a crude product, uhich uas purified by column 
chromatography. 

(ii ) Using acetic anhydride and 2N sodium hydroxide 
solution 

A suspension of the ammonium salt (either hy- 
drochloride or 4-methylbenzenesulphonate; 2 mrnole) in 
ethanol (10 ml) uas stirred rapidly, in an ice-bath, 
and treated successively uith 2N sodium hydroxide solu- 
tion (1 ml) and acetic anhydride (10 ml). After the 
addition, the coaling bath uas removed and the reaction 
mixture uas alloued to stir at ambient temperature for 
2 hours. Then it uas partitioned betueen trichloromethane 
and uater. The organic layer uas separated, uashed, dried 
and evaporated to leave a crude product, uhich uas puri- 
fied by column chromatography. 



(c) 



G-Acetylation of alcohols 



The hydroxy compound (2 mrnole) uas dissolved in 
pyridine (50 ml) and then acetic anhydride (50 ml) uas 
slouly added. The mixture uas stirred in an ice-bath 
for 30 minutes and then at room temperature for one hour. 
Sometimes it uas stored under refrigeration for 2 to 3 
days. On occasions, the solvent uas best removed under 
reduced pressure before an aqueous uork-up. (In the 
sugar lactone series, a ^-elimination occurred during the 
reaction). The product obtained uas further purified 
by chromatography or by recrystallization . 
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(°) Azide displacement reactions on halides or sul- 
phonates 



(i) 



Using N . IM-dimethyl rormamide as solvent 



Sodium azide (90 mmole) was added to the halide 
or sulphonate (40 mmole) in N, N-dimethylf ormami de (40 ml). 
The mixture was heated in an oil-bath, at 100°, for 4 to 
6 hours. After cooling, the reaction mixture was parti- 
tioned between ethyl acetate and uater. The organic layer 
uas separated, thoroughly washed, dried and evaporated 
to leave the crude product as an oil, uhich uas purified 
on a silica gel column. 

(ii) Using aqueous 2-propanone as solvent 

A solution of sodium azide (5 mmole) in uater 
(2 ml) uas added to a solution of the sulphonate (4 mmole) 
in 2-propanone (4 ml). The mixture uas refluxed for 10 
hours. TLC shoued that the reaction uas complete. Thus 
the mixture uas evaporated to dryness. The residue uas 
taken up uith trichloromethane and uashed thoroughly. 
The organic layer uas separated, dried and evaporated 
to give a crude product, uhich uas purified by column 
chromatography. 



(O 



N-Benzoylation of amines and ammonium salts 



A solution or suspension of the amine or ammon- 
ium salt (1.0 mmole) in dichloromethane or trichlorometham 
(3 ml) uas stirred rapidly, cooled in an ice-bath, and 
treated, successively, uith benzoyl chloride (1.2 mmole) 
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and triethylamine (2.4 mmole). (in the case of a suspen- 
sion, the solid gradually dissolved and a solution was 
formed). After stirring at ice temperature for 15 min- 
utes, the cooling bath was removed and the mixture was 
allowed to stir at room temperature for a further one 
hour. Then the solvent was removed and the residue was 
triturated with ethyl acetate. The solid was filtered 
and the filtrate was evaporated to leave a crude product. 
The required amide was usually isolated as a solid after 
careful chromatography. Sometimes a gum or syrup w< 
obtained . 



/as 



(F) 



C-Benzoylation of alcohols 



Benzoyl chloride (4.4 mmole) was added to a 
solution of the alcohol (4 mmole) in dichloromethane or 
trichloromethane (5 ml). The mixture was stirred in an 
ice-bath and triethylamine (4.66 rnrnole) was added, drop- 
uise. The resulting solution was stirred at that tem- 
perature for 15 minutes and then at ambient temperature 
for a further 30 to 60 minutes. The solvent was removed 
under reduced pressure and the residue uas triturated 
with ethyl acetate, giving a solid which was filtered. 
The filtrate was evaporated to leave a crude product, 
uhich was purified on a silica gel column. 



(G) 



Epoxidation of alkenes 



The alkene (27 mmole) was dissolved in dichloro- 
methane (62 ml) and a solution of 3-chlorobenzenecarboper- 
oxoic acid (121 mmole) in dichloromethane (18 ml) was added. 



201 



ThB mixture uas stirred at room temperature Tor 3 to 5 
days. Then an aqueous solution of sodium metabisulphite 
uas added to the reaction mixture to destroy the excess 
oxidant. The organic layer uas separated, uashed uith 
saturated sodium hydrogen carbonate solution, uater, dried 
and evaporated to leave a crude product, which uas puri- 
fied by chromatography. 

( H ) The reaction of epoxides uith diethyl 2-sodio- 
propanedioate 

Ethanol (16 ml) uas slouly added to 50... sodium hydride 
(27 mmole) giving a clear solution (ca. 30 minutes). Diethyl 
propanedioate (20 mmole) uas added, dropuise. A cloudy 
solution uas obtained. After stirring for 30 minutes 
at room temperature, the epoxide (13 mmole) uas added, 
in portions. After the addition, the mixture uas stirred 
at room temperature for 3 days (or refluxed overnight). 
The resulting broun mixture uas acidified uith dilute 
hydrochloric acid and then extracted uith ethyl acetate. 
The extract uas uashed, dried and evaporated to afford 
a crude product, which uas further purified by chromato- 
graphic means. 



(I) 



Preparation of aldehyde hydrazone deriuatiw 



es 






The aldehyde (5 mmole) uas dissolved in ethanol 
(17 ml) and 2, 4-dinitrophenylhydrazine (5 mmole) uas 
added. The mixture uas heated under reflux and glacial 
acetic acid (0.5 ml) uas added. After refluxing for 
3 hours, TLC analysis of the reaction mixture indicated 
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that the reaction was complete. The reaction mixture 
was cooled in an ice-bath and orange coloured crystals 
gradually deposited. (Some hydrazones uere broun or 
reddish-brown). The solid uas Filtered, washed with 
athanol and dried in vacuo. Further purification uas 
achieved by either recrystallization or chromatography. 



(3) Hydrogenation of a7 iri»« . nitriles, njtroalkan 
and pyridines 



es 



All azides (including one allylic azide), cyanides 
and nitro compounds were reducible by W% Pd-on-charcoal . 
However, it was necessary to use Adams' catalyst for the 
reduction of pyridines. The following reduction of 
pound (232) is typical: 



le 

com- 



[ W% Palladium-on-charcoal (l.42g; the same weight 

as azides) was added to a mixture of the azide (10.05 mmole) 
in ethanol (120 ml) and 2N hydrochloric acid (6 ml). The 
mixture was shaken under hydrogen in a Parr hydrogenator 
for 2 hours. (There were no volume change for azide re- 
ductions. However, in the case of nitriles, nitro compounds 
and pyridines, the reaction could be stopped, when the 
uptake of hydrogen became very slow and the expected amount 
of hydrogen had been absorbed). After degassing, the 
suspension was filtered through kieselguhr. The filtrate 
was evaporated to give the required ammonium chloride. 
Products were characterized as the corresponding amides 
of either acetic acid or benzoic acid. 
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MRS- 
IS 



(K) Singlet oxygenation nf f, Jrans Rnd Bl , hc , pri „„^ 
reduction of the r^ult ^q Bndnp .mv^.. 

I The furan (9 mmole) Mas dissolved in dichloror 
thane (150 ml) and a catalytic amount of methylene blu, 
in methanol (2 ml) uas added. Dry oxygen uas bubbled 
through the mixture uhile it uas cooled to -78°. Then 
the mixture was irradiated with a 500U photo-flood light. 
The reaction uas monitored by the disappearance of the 
starting material on TLC. Reaction uas found to be com- 
plete after 30 minutes. The mixture uas then transferred 
to a round-bottom flask and stirred rapidly. A solution 
of sodium tetrahydridoborate (28 mmole) in .ethanol (30 ml) 
was slouly added to the above mixture. Then the mixture 
uas alloued to warm up to room temperature and stirred 
for 3 days. The excess reducing agent uas destroyed by 
the addition of dilute hydrochloric acid. The mixture 
was extracted with ethyl acetate. The organic layer uas 
washed, dried and evaporated to leave the crude diol, 
which uas derivatized as the corresponding dibenzoate. 



U) 



J-Sulphonation nf ainnhn]. 






(i) 



Using triethvlami na aQ b 



ase 



The alcohol (4 mmole) uas dissolved in ethyl 
acetate or tetrahy drof uran (5 ml) and stirred in an ice- 
bath. To this uas added 4-methylbenesulphonyl chloride 
(5 -tools). The mixture uas stirred rapidly and triethyl- 
a^ine (5 mmole) uas added, slouly. After the ^^ 
the reaction mixture uas stirred in an ice-bath for a 
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further 15 minutes and then at ambient temperature for 
30 to 60 minutes. The solid ( triethylammonium chloride) 
uas filtered. The filtrate uas evaporated to leave a 
crude product, which uas chromatographed to afford the 
pure sulphonate, usually a solid. 



(ii) 



Usinp pyridine as solvent and b 



ase 



A clear solution of the alcohol (6 mmole) in 
pyridine (10 ml) uas stirred at -20° and 4-methylbenzene- 
sulphonyl chloride (13 mmole) uas added, in one batch. 
A suspension uas slouly formed. The mixture uas stirred 
at this temperature for 3 hours. Then it uas stored under 
refrigeration for 3 to 4 days. The mixture uas slouly 
poured into stirred ice. The resulting uhite crystals 
uere collected and dried in vacuo to yield the sulphonate. 
In one case a 3 -elimination occurred during the reaction. 
Further purification uas by either recrystallization or 
chromatography . 



W Synthesis of benzy loxvcarbonyl ( Z )-protected 

amino compounds 

The amine (15 mmole) and sodium hydrogen car- 
bonate (1 g) in benzene (10 ml) uas stirred in an ice- 
bath and carbonochloridic acid phenylmethyl ester (2 ml) 
uas added, dropuise. After the addition, the mixture 
uas stirred at this temperature for 30 minutes and then 
at room temperature for a further 30 minutes. The reaction 
mixture uas partitioned betueen ethyl acetate and uater. 
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The organic layer was separated, washed, dried and evaporated 
to leave a crude product, which uas purified by silica gel 
chromatography. 






206 



Preparat ions leading to S-aminomethyl- y-butyrolactone 
salts (120) 



1.3-Bis (ace tyloxy )-2-propanone (109) 

The method reported by Bentley and McCrae 149 uas 
used. The acetylation gave the title compound as 
colourless needles (23.70g, 0.14mole, 81j5)j 

m.p. 46-47° (benzene-petrol ether 40-60°) (lit. 149 
m.p. 46-47°); 

u max ( Nu J o1 ) 1762 (acetate) and 1738 cm" 1 (ketone 
C*0)| 

6 p m (100 HHz ; C0C1 3 ) 2.02 (6H, 2x.^ , 2xCH 3 ) and 4.53 
(4H, 2x5, 2xCH 2 ); 

5 Cm (15 MHz; CDC1 3 ) 20.3 (CH 3 ), 66.4 ( C H ? ) , 170.4 
(acetate C=0) and 198.3 (ketone C=0); 

G.C. at 160°: Rt = 0.8 min.; ^/txW-*^ I ; 

TLC : Rf = 0.65 (solvent system A) and Rf = 0.2 
(solvent system I). 



Diethyl ethoxvcarbonvlmethylphosphonate (112) 

The preparation uas carried out according to the 
method described by Uolinsky and Erickson. 151 The react- 
ion afforded the title ester as a colourless oil (7.90g, 
35.20mmole, 71%); 

b.p. 96°/0.2 mm Hg, [lit. 151 b.p. 109-109.5° (0.8 mm)]; 

U max < film ) 173 5 (C=0), 1270 ( P=0 ) and 1040 cm" 1 
(P-0-C); 

& pm (100 MHz J CDC1 3 ) 1.22 (3H, t, 3 = 7.6 Hz, 
0=C0CH 2 CH 3 ), 1.32 (3H, t, J = 7.6 Hz, 2x OCH^), 2.83 
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(2H, d, J = 20 Hz, PCH 2 ), 4. DO (2H, q, J = 7.6 Hz, 
D=C0CH 2 ), 4.30 (2H, q, J = 7.6 Hz, 2x 0CH 2 ); 

6 Cm ( 15 ««*! CDC1 3 ) 14.0 (0=C0CH 2 CH 3 ), 16.0 
and 16.5 (2 x 0CH 2 CH 3 , due to 2 x non-equivalent ethyls), 
29.9 and 38.9 (P-CH 2 , doublet due to P-C coupling), 
61.5 (0=C0CH 2 CH 3 ), 62.5 and 62.9 (2 x 0CH 2 , due to 2 
non-equivalent ethyls), 165.8 and 166.2 (2 x C=0, due 
to P-C-C coupling); 

G.C. at 160 : Rt = 1.1 minutes; prpte-d^r*. (; 

TLC : Rf =0.25 (solvent system I). 

Ethyl 4-acetoxy-3— ( acetoxymethyl ) -2-butenoate (114) 

Diethyl ethoxycarbonyl-methylphosphonate (2.51 g, 
0.011 mole) was added dropwise, to a suspension of 80% 
sodium hydride (333 mg, 0.011 mole) in dry tetrahydro- 
furan (20 ml), under a blanket of nitrogen, keeping 
the temperature below 35°. Evolution of gas began 
immediately. After the gas evolution stopped, (ca. 
one hour), a solution of 1 , 3-bis( acetyloxy )-2-propanone 
(2.00 g, 0.011 mole) in tetrahydrof uran (2.5 ml) uas 
added, dropwise. A brown solution was formed immediate- 
ly, and a gelatinous precipitate formed very quickly. 
After stirring for a further hour, the reaction mixture 
uas poured into a large excess of water and then extract- 
ed with ethyl acetate. The organic layer uas washed with 
brine, dried and evaporated to leave a brown oil. The 
crude product was purified on a silica gel column, eluting 
with a mixture of ethyl acetate and petrol ether 40-60° 
(1:2) (solvent system J). The fractions containing the 
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required product uere combined and evaporated to leave 
the title ester as a pale yellou oil (0.67 g, 2.75 mmole, 

u max (film) 1750 (acetate carbonyl), 1720 (ester) 
and 1615 cm -1 (C=C); 

5 mR (100 MHz; CDC1 3 ) 1.32 (3H, t, = 7.6 Hz, OCH^Hg) 
2.09 and 2.16 (6H, 2xs, 2xCH_ 3 C0), 4.28 (2H, q, 3 = 7.6 Hz, 
0CH 2 ), 4.80 (2H, bs, =C-CH_ 2 , cis to carbonyl C H 2 ) and 538 
(2H, bs, =C-CH 2 , trans to carbonyl CH ) , and 6.14 (1H, t, 
=-H, 0=2 Hz)j 

6 CI*lR ( 15 m z; COClg), 14.2 (0CH 2 CH 3 ), 20.7 (CH 3 C0), 
60.7 (0CH 2 CH 3 ), 61.1 C=C-CH 2 , cis to carbonyl) and 63.8 
(=C-CH 2 , trans to carbonyl), 119.1 (=C-C0), 148.9 (CH 2 C=C), 
165.5 (ester C=0, C0 2 CH 2 CH 3 ), 170.5 and 170.8 (2xCH 3 C=0); 

[Found: C, 53.7; H, 6.2; C^H^O^ (246.3) requires 
C, 54.1; H, 6.6?0j 

G.C. at 160° : Rt = 2.4 min.; free******'* ; 
TLC: Rf = 0.5 (solvent system I). 

Ethyl 4-acetoxy-3— f( acetoxy )methyl1 butanoate (115) 

'\Q% Palladium-on-charcoal (3.6 g) uas added to a 
solution of ethyl 4-acetoxy-3— [(acetoxy )methyl] -2- 
butenoate (4.00 g, 16.5 mmole) in ethyl acetate (80 ml). 
The mixture uas shaken with hydrogen, at atmospheric 
pressure and temperature until the uptake uas sluggish 
(total uptake uas 620 ml in 5 minutes). After degassing, 
the suspension uas filtered through a cake of kieselguhr. 
The filtrate uas evaporated to leave the title compound 
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is a colourless oil (3.43 g, 13.9 mmole, 84%); 



-1 



max 



(film) 2900-2990 (CH) and 1740 cm"' (ester); 



S pjV]R (100 MHz; CDC1 3 ) 1.32 (3H, t, 3 = 7.6 Hz, 0CH 2 - 
CH 3 ), 2.08 (6H, 2xs, 2xCH_ 3 C0), 2.20-2.80 (3H, m, 0=CH_ 2 CH), 
4.15 (4H, d, 3 = 6 Hz, 0CH 2 ) and 4.21 (2H, q, 3 = 7.6 Hz, 
0CH 2 CH 3 ); 

6 CNR < 15 mz ' CDC1 3 ) 14.2 (0CH 2 CH 3 ), 20.7 (CH 3 C=0), 
33.5 (CH 2 C0 2 ), 34.5 (CH), 60.8 (0CH 2 CH 3 ), 63.87 (0CH 2 CH), 
171.1 (CH 3 C=0) and 171.9 (C0 2 CH 2 CH 3 ) ; 

[Found: C, 53.6; H, 7.6; ^^^ (246.2) requires 
C, 53.7; H, 7.4%]; 

G.C. at 160°: Rt = 2.18 min., fro<*^" rx_ I ; 

TLC: Rf = 0.85 (solvent system H). 

Ethyl 4-hydroxy-3-hydroxymethylbutanoate (116) 



mm 



A 0.39 N sodium ethoxide in ethanol (15.6 ml, 6.09 
ole) was added, dropuise, to a solution of ethyl 4-acety- 
loxy-3-[(acetyloxy)mBthyl]butanoatB (497 mg, 2.02 mmole) 
in ethanol (5.0 ml), with rapid stirring. After the 
addition, the pale yellow solution was stirred at room 
temperature for 30 minutes. Then Dowex-50U-X8 (2.1 g) 
uas added. The mixture uas stirred for a further 20 
minutes and then the resin uas filtered. The filter- 
cake uas washed thoroughly uith ethanol. The combined 
organic layer uas evaporated to leave the title ester 
as a colourless oil (246 mg, 1.54 mmole, 76%); 

u max ( film ) 3400 ( QH )» 1760 (lactone) and 1740 cm -1 
(ester); 

& P[ Y] R (60 and 100 MHz, D 2 0) 1.25 (3H, t, 3 = 7.6 Hz, 
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DCH 2 CH 3 ), 2.05-3.2 (3H, m, CHCH 2 CQ 2 Et ) , 3.6 (4H, d, 3 = 

6 Hz, 2xH0CH 2 CH), and 4.15 (2H, q, 3 = 7.6 Hz, OCH CH„); 

Z 3 

and a small amount of minor signals, probably due to the 
lactone ; 

TLC: Rf = 0.75 (solvent system P) . 

N.B. This product was not very pure as judged by the 

integral on the ethyl signals uhich uere less than 

expected, comparing uith the other signals. This 

was used in the next stage without further purification 

Dihydro-4-(hydroxymethyl)-2-(3H)-furanone (117) 




(117) 
The following two methods were used, 






(A) 4-l v lethylbenzenesulphonic acid as catalyst 

4-l v !ethylbenzenesulphonic acid monohydrate (33 rug) 
uas added to a solution of ethyl 4-hy droxy-3-hy droxy- 
methylbutanoate (69 mg, 0.43 mmole) in a mixture of 
ethanol (6.0 ml) and uater (50 ml). An exothermic react- 
ion occurred. The reaction uas then refluxed for 30 min- 
utes. After cooling the solvent uas evaporated to leave 
a yellou oil. The crude product uas purified on a silica 
gel column, eluting uith a mixture of ethanol and tri- 
chloromethane (1:4). Fractions containing the required 
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product uere combined and evaporated to leave the title 
hydroxy compound as a pale yellou oil (56 mg, 0.47 mmole, 

112^); 

Umax ( CHBr 3 ) 3375 (° H ) and 1765 cm" 1 (lactone); 
5 pflR (60 MHz; D 2 0) 2.0-3.2 (3H, m, CHCH 2 C0), 3.6 
(2H, d, 3 = 6 Hz, CH 2 0H), 4.0-4.6 (2H, m, GCH 2 ); 
TLC: Rf = 0.6 (solvent system §)« 

N.B. Product uas contaminated uith 4-methylbenzenesulphonic 
acid (ca. 15Jq). 

(B) Trifluoroacetic acid as catalyst 

Trifluoroacetic acid (0.38 ml) uas added to a solution 
of ethyl 4-hydroxy-3-hydroxymethylbutanoate (190 mg, 1.19 
mmole) in uater (3.4 ml). After standing at room tempera- 
ture for 30 minutes, the solvent uas removed to give the 
title compound as a light yellow oil (198 mg, 1.71 mmole, 
144$£); 

u max < film ) 3410 (OH) and 1770 cm" 1 (lactone); 

5 PMR (100 MHz; D 2 0) 2.1-3.2 (3H, m, CHCh^CO), 3.62 
(2H, d, J = 6 Hz, CH 2 0H), 4.2-4.32 (1H, m, HCH0) and 
4.4B-4.8 (1H, m, HCH0); 

6 CTIR < 15 ««f| 2 0) 30.5 (-CHCH 2 ), 36.1 (CJ-^CO), 
62.1 (H0CH 2 ), 71.85 (CHjO-) and 181.5 (C=U); 
TLC: Rf = 0.6 (solvent system B). 



•B. The product uas not very pure and uas contaminated 

by some residual water (ca. 4Q%) , uhich could be seen 
as an "inflated" H00 signal in the PMR spectrum (mea- 
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sured in DO). Furthermore there uas no other con- 

1 
taminants in the product as judged by its H-NMR 

(Spectrum P-3) and C-13 NMR (Spectrum C-3) spectra. 

However, this residual water could not be removed 

azeot Topically. 

Dihydro-4-[I(methanesulphonyl)oxy1methyl1-2(3H)-furanone 
(118b) 

(A) The general procedure [(L), conditions (ii)] for 

G-sulphonation uas used. Thus the title compound uas 

prepared from a solution of dihydro-4-(hy droxymethyl )- 

2(3H)-f uranone (74 mg, 0.64 mmole) in pyridine as a 

braun oil (92 mg, 0.47 mmole, 74a>); 

y (film) 1770 (lactone), 1325 and 1165 cm" 1 (S0 o ); 
max * v 2 

6 p(V|R (60 HHz j C0C1 3 ) 2.G-3.2 (3H, m, CHCH CO), 3.1 
(3H, s, CH 3 S0 2 ), 4.39 (2H, d, 3 = 6 Hz, 0CH 2 ) and 4.05- 
4.8 (2H, m, CH 2 S0 2 ); 

TLC: Rf = 0.9 (solvent system C) and Rf = 0.55 
(solvent system H). 

N.B. The product still contained a small amount of 
pyridine. 



(B) The general method ( L ) for G_-sulphonation using 
triethylamine as base [conditions (i)] uas used. Thus 
the title lactone uas obtained from dihydro-4-(hydroxy- 
methyl)-2(3H)-furanone (149 mg, 1.28 mmole) as a yellou 
oil (300 mg, 1.28 mmole, 100^)j 
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„ (CHBr^) as reported previously; 
u max * 3' K r 7 ' 



PMR 



(100 PIHz; CDC1 ) 2.3-3.3 (3H, m, CHCH-CO), 3.15 



(3H, s, CH 3 S0 2 ), 4.39 (2H, d, J = 6 Hz, 0CH 2 ) and 4.1-4.8 
(2H, m, CH 2 0S0 2 ); 

5 CMR (15 MHz; CDC1 3 )30.2 (-CHCH 2 ), 34.5 (CH 2 C0), 
37.3 (CH 3 S0 2 ), 68.7 (CH 2 0S0 2 ), 59.4 (CH 2 0-) and 175.7 
(C=0)j 

Mass spectrum: M/Z 194 (f") + ), c 5 H 1 o D 5 S requires 194.2; 

TLC: Rf = 0.9 (solvent system P) and Rf = 0.55 (solvnet 
system H). 

4-(Azidomethyl)dihydo-2-(3H)-furanone (119) 

(A) General procedure (D) for azide displacement in N,IM- 
dimethylFormamide as solvent [conditions (i)] uas used. 
Thus di hydro-4-[ [(met hanesulphonyl)o xy] methyl] -2(3H)- 
furanone (61 mg, 0.43 mmole) reacted uith sodium azide 
to give the title azide as a brown Dil (15 mg, 0.11 mmole, 
26%); 

Um3V (film) 2100 (N„) and 1775 cm" 1 (lactone); 

8 P |V) R (60 PIHz; CDC1 3 ) 2.0-3.2 (3H, m, CHCH 2 CU), 3.5 
(2H, d, J = 6 Hz, CH 2 N 3 ) and 3.95 to 4.65 (2H, m, CH 2 0); 

TLC: Rf = 0.65 (solvent system H). 

N.B. The sample uas contaminated uith N, N-dimethylf orm- 
amide. 






(B) Using general procedure (O) for azide displacement 
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in aqueous 2-propanone [conditions (ii)], dihydro-4- [[ ( 

methanesulphonyl)oxy] methyl] -2( 3H )-f uranone (0.79 g, 4.1 

mmole) reacted uith sodium azide to give the title compound 

as a broun ail (425 mg, 73%); 

v (film) as reported above: 

max v K * 

8 (100 MHz; CDC1-) 2.1-3.2 (3H, m, CHCH o C0), 3.5 
PPHR v ■ 3' ' — -2 ' * 

(2H, d, 3 = 6 Hz, CH 2 I\I 3 ) and 4.1-4.B (2H, m, CH 2 0); 

6 CMR (15 MHz; CDC1 3 ) 31.3 (-CHCH 2 ), 34.7 (CH 2 C0), 
52.5 (CH 2 N 3 ), 70.1 (CH 2 D) and 175.9 (C=0); 

Mass spectrum: M/Z 141 (M + ), C 5 H 7 !\I 3 G 2 requires 141.1; 

TLC: Rf = 0.65 (solvent system H) 









4-( Aminamethyl )dihydro-2( 3H )-f uranone , hydrochloride (120a) 

(A) Using aqueous HC1 and the azide ( 1 19 ) 

The product uas prepared by the hydrogenolysis [gen- 
eral procedure (3)] of 4-( azidomethyl)dihy dro-2( 3H )-f ur- 
anone (210 mg, 1.49 mmole), in the presence of 1 N aqueous 
hydrochloric acid. The title hydrochloride uas obtained 
as a light brown hygroscopic solid (187 mg, 1.24 mmole, 
94%); 

U „ (film) 3700 to 2100 (ita, and OH) and 1760 cm" 1 
max v o 

(lactone); 

<5 pm (60 MHz; D 2 0) 2.1-3.2 (3H, m, CHCH^CO), 3.5-3.9 
(2H, m, CH 2 NH 2 ), 4.0-4.6 (2H, m, CH_ 2 0); 
TLC: Rf = (solvent system H). 



( B) Using aqueous HC1 and the nitro compound (182) 
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The general procedure (3) uas used for the hydrogeno- 
lysis of dihydro-4-(nitromethyl)-2(3H)-f uranons (2.0 g, 
13.8 mmole), in the presence of aqueous hydrochloric acid 
solution. The title hydrochloride uas isolated as a 
brown syrup (2.18 g, monohy drated, 13.8 mmole, 100/Q; 
NMR and IR spectra uere identical with those reported 
in method (A) . 



(C) Using aqueous HC1 and the azido-butenolide (202) 

The title hydrochloride uas prepared according to 
general procedure (J) for the hydrogenolysis of 4-(azido- 
methyl)-2(5H)-furanone (1.5 g, 10.7 mmole). The product 
uas isolated as a gummy solid (2.44 g, tetrahy drat e, 10.7 
mmole, 100%) ; Ir spectrum uas identical uith those of (A) 
and (B); 

6 pp^R (200 RHzj D 2 and T5P) 2.5 and 2.58 (1H, dd, 
D=7 and 7 Hz, HCHC0), 2.85 and 2.95 (1H, d, 3 = 8 and 
8 Hz, HCHC0), 3.0 to 3.2 (1H, m, CHCH 2 C0), 3.18-3.25 (2H, 
dd, 3 = 1.5 and 3 Hz, NCH 2 ), 4.2 amd 4.25 (1H, dd, 3 = 6 
Hz, HCH0) and 4.6 and 4.64 (1H, dd, 3 = 7.5 amd 7.5 Hz, 
HCH0); 

6 CTIR ( 15 mz > D 2° and dioxan ) 32.81 (CHCH CO), 34.1 
(CH 2 C0), 41.79 (NCH 2 ), 72.33 (0CH 2 ) and 180.98 (C=0); 
TLC: Rf = (solvent system H). 



4-( Aminomethyl)dihydro-2(3H)-f uranone, 4-methylbenzene- 
sulphonic acid salt (120b) 

The hydrogenolysis [general procedure (3)] of 4- 
(azidomethyl )dihydro-2(3H)-f uranone (258 mg, 1.89 mmole) 
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in the presence of 4-methylbenzenesulphonic acid mono- 
hydrate gave the title salt as a light yellow hygroscopic 
solid (53 mg, 1.85 mmole, 98$); 



u 



ma 
1310 and 1120 cm 






x (Nujol) 3700 to 2100 (^H 3 and OH), 1780 (lactone), 
" 1 (3=0); 

6 PnR (100 MHz; CDC1 3 + OMSOd 6 ) 2.37 (3H, s, ArCH 3 ), 
2.15-2.90 (3H, m, CHCH 2 C0), 3.30-3.7 (2H, m, CH 2 NH 2 ), 3.7- 
4.05 (1H, m, HCH0-), 4.05-4.3 (1H, m, HCH0-); 

6 Cm ( 15 mzi °2° and dioxane ) 21-1 (ArCH 3 ), 32.6 
(-CHCH 2 ), 33.9 (CH 2 C0), 42.9 (CHjN), 72.07 (CH 2 0), 126.1 
(CH 3 -^^> 130.2 (CH 3 -<Q > ), 140.5 (CH 3 -^Q)), 143.2 
(<^)^5) and 180.6 (C=G); 

TLC: Rf = (solvent system H). 

4-(Acetylamino)dihydro-2(3H)-furanone (121 ) 

( fl ) Using general procedure f (B) conditions (i)1 For 
the acylation of ammonium salts 

The treatment of 4- ( aminomsthyl )dihydro-2( 3H )- 
furanone, hydrochloride (180 mg, 1.19 mmole) with acetic 
anhydride and then uith triethylamine gave the title 
amide as a broun oil (52 mg, 0.32 mmole, 27?S); 

Umax ( film ) 340 ° ( NH )» T775 (lactone), 1655 and 
1550 cm" 1 (C0NH); 

TLC: Rf = 0.57 (solvent systme G). 

(B) Using general procedure \ (B) , conditions (ii)1 for 
the preparation 

The reaction of 4-( aminomethyl ) dihydro-2( 3H)-f uranone, 
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4-methylbenzenesulphonic acid salt (566 mg, 1.97 mmole) 

uith acetic anhydride, in the presence of 2 N aqueous 

sodium hydroxide solution, gave a crude product uhich 

uas purified by silica gel column chromatography to 

afford the title compound as an oil (182 mg, 1.16 mmole, 

59%); 

u .„ (film) 3420 (NH), 1758 (lactone), 1640 and 
m 3 x 

1540 cm" 1 (CDNH); 

6 P |v, R (100 MHz; CDC1 3 ) 2.02 (3H, s, CHACON), 2.15- 
3.2 (3H, m, CHCH 2 C0), 3.3-3.6 (2H, m, CH_ 2 l\l), 4.1-4.8 (2H, 
m, CH 2 0-) and 5.8 (1H, bs, CQIMH); 

6 CnR ( 50 NHz; DMSOd 6 ) 20.4 (CH 3 ), 31.7 (CHCH^O), 
33.3 (CH 2 C0), 43.0 (NCH 2 ), 70.8 (CHjjQ), 169.1 (amide C=0 ) 
and 177.2 (lactone C=0 ) ; 

[Found: C, 38.5; H, 8.21; N, 6.2; CpH^NOg . 3.5 HO 
(220.2) requires C, 38.2; H, 8.2; N, 6.4^]; 

TLC: Rf = 0.57 (solvent system G). 

W.B. According to the analyst, this compound gained weight 
during the weighing process. 

3-l v lethyl-4-r(acetvloxv)methvl1furan (153) and 3-methyl- 
4-(hydroxymethyl )furan (154) 



c Y7t CH3 






L 



(153) 
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A mixture of 1 , 3-dihydroxy-2-propanone (5.0 g, 
55 mmole), diethyl propanedioate (7.95 g, 49.5 mmole) 
and ammonium acetate (3.4 g, 44 mmole) in equal amount 
of acetic acid (16 ml) and benzene (15 ml) was heated 
on a Dean-Stark apparatus for a total of 9 hours. After 
cooling the dark-broun mixture uas concentrated to leave 
a reddish-brown oil. The crude product uas put into a 
slurry silica gel column (100 g), eluting with a mixture 
of petroleum ether 40-60° and ethyl acetate (1:1; 1 :2 ), 
ethyl acetate (neat), a mixture of ethyl acetate and 
methanol (1:5) and finally meth.nol (neat). Fractions 
10 to 13 were combined and evaporated to give the title 
acetate as a reddish-brown oil (444 rng, 2.8B mmole, S.8#)j 

u max ( film ) 3 005 to 2930 (aromatic and aliphatic C-H 
stretch), 1740 (ester C=0), 1537, 1490 and 1439 (ring 
C»C stretch), 1220, 1160, 1030 and 882 cm" 1 (furan); 

6 pnr (100 mzi CDC1 3 ) 2.15 (3H, s , CH 3 C=0), 2.55 
(3H, s, CH 3 Ar), 5.05 (2H, s, CH 2 -0), 8.22 and 8.3 (2H, 
two apparent s , two furan protons); 

& cm (15 mz; CDC1 3 ) 20.8 (CH 3 C=0), 21.3 (CH^r), 
64.7 (CH 2 -0), 143.03 and 144.3 (C-2 and C-5 of furan), 
148.3 and 153.8 (C-3 and C-4 of furan) and 170.9 (ester 
C=0); 

Mass spectrum: R/Z 154 ((v, + ), c a H 10 3 requires 154.2; 
G.C. (column temperature 50 to 20° at 10° per minute): 
Rt = 6.8 min, indicating about 80° pure; proaufar*- & } 
TLC: Rf = 0.45 (solvent system J). 



Fractions 22 to 26 were combined and evaporated to 
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leave the title alcohol as a black gum (435 mg, 3.9 mmole, 

U tnax ( film ) 3 6D to 3250 (OH), 3003 to 2925 (aromatic 
and aliphatic C-H stretch), 1540, 1485 and 1420 (ring C-C 
stretch); 1280, 1201, 1110, 1080 and 930 cm" 1 (furan); 

6 Pm (100 MHz; CDC1 3 ) 2.62 (3H, s, CH_ 3 Ar), 4.3 (1H, 
bs, disappeared after deuterated with D„0, OH), 4.92 (2H, 
s, CH 2 -0), 8.59 and 8.72 (2H, tuo apparent s, two furan 
protons) ; 

6 CNR (15 MHz; CDC1 3 ) 21.2 (CH 3 C=0), 62.8 (DU-O), 
142.1 and 143.4 (C-2 and C-5 of furan), 152.0 152.9 (C-3 
and C-4 of furan); 

mass spectrum : M/Z 110 (M+), C^H^ requires 110.1; 

TLC : Rf = 0,14 (solvent system J). 

Preparation of 2-met hyl-2-ethoxy-1 . 3-dioxacyclohept-5-enR 
(170) an d 4-ethenyldihvdro-2 ( 3H )-f uranone (169) 



c H3 >< OCH2CH3 





(170) (169) 

1,4-Benzenediol (l.76g) uas added to a mixture of 
(z)-2-butene-1,4-diol (165 ml, 0.2 mole) and 1,1,1-tri- 
ethoxyethane (81.5 ml, 0.4 mole). The mixture uas heated 
at 140-150° for 6 hours and the excess 1 , 1 , 1-triethoxyethane 
and (Z)-2-butene-1,4-diol and ethanol uhich uas produced 
during the course of reaction uere removed by a Dean- 
Stark set-up, while heating at 150°. Then the mixture 
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uas heated for a further 6 hours. The residue was dis- 
tilled at 45 mm Hg to give first residual 1 , 1 , 1 -triethoxy- 
ethane, at 80-96° (11.44 g), and then the title cyclohep- 
tene (13.53 g, 85.6 mmole, 43 r /o); 
b.p. 100-106° (45 mm Hg)j 

(film) 1640 (C=C), 1200, 1150 and 1030 cm" 1 



max 






(C-0-C); 

6 pm (200 MHz; CDC1 3 ) 1.28 (3H, t, J = 7.6 Hz, 0CH 2 CH_ 3 ), 
1.58 (3H, s, CH 3 ), 3.6 (2H, q, £ m 7.6 Hz, 0CH 2 CH 3 ), 4.18 
4.48 (4H, 2 x collapsed d, J = 16 Hz, 2 x CH_ 2 C=), and 5.70 
(2H, t, J = 2 Hz, 2 x CH 2 CH=); 

6 CMR (15 MHz; CDC1 3 ) 15.43 (0CH 2 CH 3 ), 19.08 (CH-jC), 
58.92 (0CH 2 CH 3 ), 61.52 (2 x 0CH 2 C=), 116.28 (CH 3 C-0) and 
129.17 (2 x CH 2 C=); 

[Found: C, 58.3; H, 8.3 ; CgH-.O, . 0.4H 2 (165.4) 
requires C, 58.1; H, 8.9/o]; 

TLC: Rf = 0.8 (solvent system J). 

The residue which could not be distilled over at 
this pressure u/as examined by NMR spectroscopy. This 
was proved to be a mixture of the vinyl ester, vinyl 
lactone and the catalyst. Thus the mixture uas treated 
with trifluoroacetic acid (15 ml) and the resulting 
solution uas left standing at room temperature for 2 
days. Then the solvent uas removed under reduced pres- 
sure. The residue uas diluted with ethyl acetate and 
uashed with uater, saturated sodium hydrogen carbonate 
solution, uater, dried and evaporated to leave a dark 
broun gum. The crude product uas purified by column 
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chromatography, eluting uith a mixture of petrol ether 
40-60"° and ethyl acetate (2:1, 1:l) and finally ethyl 
acetate. Fractions containing the required product uere 
combined and evaporated to leave the title vinyl lactone 
as a broun oil (2.37 g, 21.2 mmole, 11%)j 

W max (film) 1740 (lactone) and 1622 cm -1 (C=C); 

6 pnR (200 MHz; CDC1 3 ) 2.48 (1H, 2xd, 3=8 and 8 Hz, 
HCHCC), 2.7 (1H, 2xd, 3=8 and 8 Hz, HCHCO) 3.22 (1H, m, 
HCCH 2 C0), 4.03 (1H, 2xd, 3=8 and 8 Hz, HCH-0), 4.46 (1H, 
2xd, 3=8 and B Hz, HCH-0), 5.1-5.28 (2H, m, H 2 C=C) and 
5.8 (1H, m, =CH-); 

6 C(¥)R (15 NHz; CDC1 3 ) 33.98 (CHCH 2 C0), 39.58 (CH 2 C0), 
72.33 (-0CH 2 ), 117.44 (CH 2 =CH-), 135.80 (CH 2 =C-) and 177.14 
(C=0); 

TLC: Rf = 0.25 (solvent system 3). 






Ozonolysis of 4-ethenyldihydro-2( 3H )-f uranone (169) and 
reduction of the resulting aldehyde uith sodium tetra- 
hydridoborate 

A solution of 4-ethenyldihydro-2( 3H)-f uranone (3.703 g, 
33.10 mmole) in dichloromethane (120 ml) uas coaled to -78° 
and ozonized oxygen uas bubbled through the solution for 
2.5 h. A bluish solution uas finally obtained. The ex- 
cess ozone uas bloun off by passing nitrogen through the 
solution. Then dimethyl sulphide (2.4 ml, 33.10 mmole) 
uas added to destroy the residual dissolved ozone. The 
mixture uas alloued to uarm up to room temperature and 
stirred for 1.5 days. Then the reaction mixture uas 
diluted uith ethyl acetate and uashed uith uater. The 



r 



222 






organic layer was separated, dried and evaporated to 

l8ave 4-formyld ihydro-2(5H)-PuranDne (172) as a dark- 
braun gum. 

The above prepared aldehyde was dissolv/ed in methanol 
(50 ml) and stirred in an ice-bath. To this solution uas 
added sodium tet rahydridoborate (1.324 g, 33.10 mrnole), 
in portions. Gas evolution occurred immediately after 
the addition of the reducing agent. Then the reaction 
mixture uas stirred at room temperature for one hour. 
The suspension uas acidified to pH 2 and the clear light 
broun solution uas evaporated to dryness. The residue 
uas extracted with ethyl acetate. The organic layer 
uas dried and evaporated to leave dihydro-4-(hydroxvmethv1 )■ 
2(3H)-furanone ( 1 1 7 ) as a brown oil (3.843 g, 33.10 mrnole, 

10055). 

IR and NNR (60 MHz) and TLC uere similiar to that pre- 
pared by alternative method. 

4-r(Ben2oyloxv)meth yl1dihvdro-2(3H)-furanone (173 ) 



The general procedure (F) for 0-benzoylation of 
hydroxy compounds uas used. Thus dihydro-4-(hy droxy- 
methyl)-2(3H)-furanone uas reacted with benzoyl chloride, 
in the presence of triethylamine, to give the title ben - 
zoate light broun oil (432 mg, 1.96 mrnole, 60^); 

n (film) 1765 (lactone C=0) and 1710 cm' 1 (ester 



max 



C=0)j 



PM 



R (200 MHz; CDC1 3 ) 2.42 and 2.51 (1H, 2xd, 3 = 8 Hz, 



HCHC0), 2.72 and 2.8 (1H, 2xd, 3 = 8 Hz, CHC0), 2.98-3.1 
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(1H, m, CHCH 2 CO), 4.21 and 4.25 (1H, 2xd, ] = 6 and 6 

Hz, HCHO), 4.4 (2H, dABq, 3 = 6 and 6 Hz, CH o 0CPh), 4.5 

—* II 

and 4.55 (1H, 2xd, 3 = 8 and 8 Hz, HCHO), 7. 38^7. 7 and 
7.95-9.25 (5H, m, aromatic protons); 

6 CWrO 5 "HZJ CDC1 3 ) 31.11 (CHCH 2 CD), 34.50 (CHCO), 
65.10 (CH 2 0C0Ph), 70.37 (CH 2 Q, lactone), 128.7, 130.27 
and 133.52 (aromatic carbon atoms), 166.40 (benzoate C=0 ) 
and 176.42 (lactone C=0); 

[Found: C, 66.5; H, 5.9 ; C 12 H 12 D 4 * °- 05 Et0Ac (224.6) 
requires C, 66.0; H, 5.3%] J 

TLC: Rf = 0.31 (solvent system 3). 

3-Bromodihydro-2(3H)-furanone ( 1B0 ) 









The title compound was prepared from buty rolactone 
(144) according to a literature procedure. The yield 
of the light broun liquid uas (46.3 g, 0.27 mole, 55%); 

b.p. 95-99° (4 mm Hg) [lit. 220 b.p. 125-127° (13 mm)]; 
u max (film) 1780 cm"" 1 (lactone); 

5 Pm (200 MHz; CDC1 3 ) 2.38-2.58 (1H, m, HCHCHCC), 
2.68-2.92 (1H, m, HCHCHCu) and 4.3-4.6 (3H, m, CHCO and 
CH 2 0); 

6 Cm (15 MHz; CDC1 3 ) 33.78 (CH 2 CHC0), 37.63 (CHCu), 
67.12 (CH 2 0) and 173.43 (lactone C=0 ) ; 

TLC: Rf = 0.5 (solvent system Q). 

2(5H)-Furanone ( 181 ) 

220 
The literature method for the dehydrobromination 

of the bromide (180) uas used to give the title unsaturated 

lactone as a very pale broun oil (3.7 g, 44.5 mmole, 71%); 
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b.p. 135-136° (30 mm Hg) [lit. b.p. 107-109° (24 
mm)] ; 

(film) 1775 and 1740 cm" 1 (A a » 3 -butenolide) ; 



max 



<5 p(V , R (200 PIHzj CDC1 3 ) 4.92 (2H, t, 3= 1.5 Hz, CHjO), 
6.15 (1H, 2xt, =2 and 2 Hz, CH 2 -CH=) and 7.57 (1H, 2xt, 
J = 1.5 and 1.5 Hz, =CHC0)j 

6 CMR ( 15 WHz * CDC1 3 ) 72.26 (CH-Q), 121.8 (=CHC0), 
153.12 (CH 2 -CH=) and 174.02 (C=0)j 

TLC: Rf = 0.7 (solvent system Q). 

Dihydro-4-(nitromethyl)-2(3H)-furanone (182 ) 



(A ) Using tetrabuty lammoniuro hydroxide as catalyst 

A mixture of 2( 5H)-f uranone (0.5 g, 5.95 mmole), 
nitromethane (6 ml), dichloromethane (20 ml) and uater 
(2 ml) uas stirred rapidly and 40 ( ,a aqueous tetrabutyl- 
ammonium hydroxide solution (3.85 g, 5.95 mmole) uas added, 
dropuise. The orange solution uas stirred for 30 minutes. 
Then the mixture uas partitioned betueen ethyl acetate 
and 0.5 N aqueous hydrochloric acid. After shaken, the 
organic layer decolourized. The organic layer uas se- 
parated, uashed uith saturated sodium hydrogen carbonate 
solution, water, dried and evaporated to leave a light 
yellou oil. The crude product uas purified by silica 
gel column chromatograph, eluting uith a mixture of ethyl 
acetate and petrol ether 40-60 (1:2 and then 1:1) and 
finally ethyl acetate. Fractions containing the required 
product uere combined and evaporated to leave the title 
compound as a pale broun oil (260 mg, 1.79 mmole, 30%); 
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"max ( film ) 177 ° (lactone), 1545 and 1350 cm" 1 ( NO ) ; 

S pm (200 MHz; CDC1 3 ) 2.35 and 2.42 (1H, 2xd, = 7 and 
7 Hz, HCHCO), 2.80 and 2.92 (1H, 2xd, J = 9 and 9 Hz, CHCO), 
3.24-3.58 (1H, ra, CHCH 2 C0), 4.18 and 4.22 (1H, 2xd, 3 = 6 and 
6 Hz, HCHO), 4.59 and 4.62 (1H, 2xd, J = 7 and 7 Hz, HCHO) 
and 4.58 (2H, 2xd, J =7 and 7 Hz, NCH ); 

&zm (15 MHz; CDC1 3 ) 31.57 (CHCH^O), 33.59 (CH 2 C0), 70.25 
(CH 2 0), 76.30 (NCH 2 ) and 175.19 (C=0); 

[Found: C, 41.4; H, 4.9; N, 9.7; C^NG^ (145. 1) requires 
C, 41.4; H, 4.9; N, 9.7%]; 

TLC: Rf = 0.8 (solvent system H). 

(B) Using 18-croun-6 as catalyst 

A mixture of 2(5H)-f uranone (0.1 g, 1 .19 mmole), 1,4,7, 
10,13, 16-hexaoxacyclooctadecane (0.16 g, 0.6 mmole) and ni- 
tromethane (1.2 ml) in dichloromethane (10 ml) was stirred 
and anhydrous potassium carbonate (0.08 g, 0.6 mmole) was 
added. The mixture uas stirred at room temperature for 4 
days. Then it uas partitioned between ethyl acetate and 
uater. The organic layer uas separated, washed, dried and 
evaporated to leave the title compound as a yellou oil (0.16 g, 
1.1 mmole, 100%); this crude product uas about 80$ pure as 
judged by NMR spectroscopy and TLC evidence. 



(C) From the open-chain analooue (188 ) 

0.4 M Sodium ethoxide in ethanol (19.2 ml, 7.68 mmole) 
uas added to a solution of ethyl 4-( benzoyloxy )-3-(nitro- 
methyl)-butanoate (2.07 g, 6.42 mmole) in ethanol (16 ml). 



226 



After stirring at room temperature for 55 minutes, Oouex- 
50U-X8 resin (4.8 g) uas added. The mixture uas stirred 
for 20 minutes and then the resin uas filtered. The 
filtrate uas evaporated to leave a broun oil. This re- 
sidue uas suspended in uater (1.0 ml) and trif luoroacetic 
acid (4.0 ml) uas added. The resulting solution uas 
alloued to stand at room temperature for 30 minutes. Then 
the solvent uas removed to leave broun syrup, uhich uas 
examined by NMR spectroscopy. It contained only about 
1Q% of the required product in this crude form. 



Thus the above mixtu 



re uas dissolved in tetrahydro- 



furan (5 ml) and a solution of sodium hydroxide (0.51 g, 
12.8 mmole) in water (10 ml) uas added. After stirring 
at room temperature for 2 hours and then refluxing for 
30 minutes, the resulting solution uas acidified. The 
aqueous layer uas extracted uith ethyl acetate. The 
combined extracts uere uashed, dried and evaporated to 
leave the hydroxy ester as a gum. The residue uas dis- 
solved in ethanol (25 ml) and uater (10 ml) uas added. 
The homogenous mixture uas refluxed, in the presence of 
4-methylbenzenesulphonic acid monohydrate ( 1 00 mg), for 
30 minutes. After cooling, the solvent uas removed 
under reduced pressure to afford a gum. The crude pro- 
duct uas purified by silica gel column chromatography to 
9iv/e the tifcle compound as a broun oil (30 mg, 0.21 mmole, 
4J*)j this product uas homogeneous on TLC uith the com- 
pound prepared above (A) and N^R and IR spectra uere also 
identical . 
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1&f 

4-(Benzoylamino')dihydro-2(3H)-f uranone (183 ) 

\ 

The general procedure (E) for J^-benzoylation of 
ammonium salts was used. Thus the title compound uas 
obtained as a light yellow solid (532 mg, 2.43 mmole, 
61%); 

m.p. 60-62 ; 



U max ( CHBr ^) 345 ° ( NH )» 17 7° (lactone C=0 ) , 1660 



-1 



and 1530 cm ' (amide C=0); 

Sp(*| R (60 MHz; CDC1 3 ) 2.35 to 2.65 (2H, m, CH 2 C0), 
2.75 to 3.05 (1H, m, CHCH 2 C0), 3.5 (2H, t, 3 = 4 Hz, 
NHCH 2 ), 3.95 to 4.4 (2H, m, 0CH_ 2 ), 7.2 to 7.6 and 7.65 
to 7.95 (5H, m, aromatic protons) and 6.1 (1H, broad s, 
NH), 

a 

PnR (200 CiHz; CDC1 3 ) 2.32 and 2.40 (1H, 2xd, 0=6 
and 6 Hz, HCHC0), 2.60 and 2.70 (1H, 2xd, 0=8 and 8 Hz, 
CHC0), 2.82 to 3.04 (1H, m, CHCH^O), 3.4-3.62(2H, dABq, 
= 6 and 6 Hz; NCH_ 2 ), 4.14 and 4.19 (1H, 2xd, = 5 and 
5 Hz, 0HCH), 4.38 and 4.42 (1H, 2xd, = 7 and 7 Hz, 0HCH), 
6.6 (1H, broad s, NH ) , 7.3-7.54 and 7.64-7.80 (5H, aromatic 
protons ) ; 

5 CMR (15 MHz; CDC1 3 ) 32.16 (CHCH^O), 35.67 (CH^O), 
41.73 (NCH 2 ), 71.54 (0CH 2 ), 127.40, 128.77, 131.90 and 
134.30 (aromatic carbon atoms), 168.94 (benzoate C=0 ) and 
177.79 (lactone C=0 ) ; 

[Found: C, 64.9; H, 5.9; N, 6.8; C 12 H 13 ND 3 . O.IHjO 
(221.0) requires C, 65.1; H, 6.0; N, 6.4^]; 

TLC: Rf = 0.5 (solvent system H).- 
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Ethyl 4-(benzoyloxy)-2-butenoate (187 ) 



A mixture of ethyl 4-bromo-2-butenoate (2.77 g, 14.4 
mmule) and benzoic acid (2.3 g, 19.8 mmole) in N, N-dimethyl 
formamide (17 ml) uas stirred rapidly and anhydrous potas- 
sium carbonate (4.4 g, 31. B mmole) uas added. The mixture 
uas stirred at room temperature for 1.5 hours. Then the 
reaction mixture uas partitioned betueen ethyl acetate 
and water. The organic layer uas separated, uashed uith 
saturated sodium hydrogen carbonate solution, water, dried 
and evaporated to leave a pale broun liquid (3.31 g, 14.2 
mmole, 98%); 

(film) 1710 (ester) and 1655 cm" 1 (C=C); 



u 



max 



6 p MR (200 MHz; CQC1 3 ) 1.3 (3H, t, 3 =7.6 Hz, UCH 2 CH 3 ), 
4.21 (2H, £, J = 7.6 Hz, 0CH_ 2 CH 3 ), 4.98 (2H, dd, J = 2 and 
4.5 Hz, CH_ 2 C=), 6.1 (111, 2xt, J ■ 2 and 2 Hz, CH 2 CH=), 7.05 
(1H, 2xt, = 4.5 and 4.5 Hz, =HCC0) and 7.3-7.62 and 8.0- 
8.1 (5H, m, aromatic protons); 

$ cm (15 MHz; CDC1 3 ) 14.25 (0CH 2 CH 3 ), 60.67 (0CH 2 CH 3 ), 
63.15 (0CH 2 C=), 122.58 (C=CC0), 128. 7, 130.01 and 133.59 
(aromatic carbon atoms), 141.59 (C=CC0), and 166.01 (ben- 
zoate and ester C=0); 

[Found: C, 64.8; H, 5.8 J C^H,,^ . 0.4H 2 (241.4) 
requires C, 64.7; H, 6.1/u]; 

TLC: Rf = 0.84 (solvent system J ) . 
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Ethyl 4 -(benzovloxv)-3-(nitromethyl)butanoate (1B8 ) 

A mixture of ethyl 4-( benzoy loxy )-2-butenoate (5QD 
mg, 2.14 mmole), nitromethane (2.2 ml), water (0.7 ml) 
and dichloromethane (7 ml) uas stirred rapidly and treat- 
ed with 40% aqueous tetrabutylammonium hydroxide solution, 
dropuise. Then the orange coloured reaction mixture uas 
stirred at room temperature for one hour. This uas 
partitioned between ethyl acetate and 1 N aqueous hydro- 
chloric acid solution. After shaking, the organic layer 
uas decolourized, which uas then separated, washed, dried 
and evaporated to leave a brown oil. The crude product 
uas purified by silica gel column chromatography, eluting 
with a mixture of ethyl acetate and petrol ether 40-60° 
(1:4; 1:3 and 1:2). Fractions containing the required 
product were combined and evaporated to leave the title 
ester as a yellow oil (288 mg, 0.97 mmole, Ab%); 

o^ x (film) 1715 (ester), 1540 and 1370 cm" 1 (N0„); 



ma; 



PMR 




(200 KHz; CDC1 3 ) 1.24 (3H, t, =7.6 Hz, OC^CH ), 

2.58 (2H, dd, 3 = 2 and 7 Hz, CH_ 2 C0), 3.13 (1H, m, CHCH CO), 
4.18 (2H, q, 3 = 7.6 Hz, 0CH_ 2 CH 3 ), 4.40 and 4.42 (2H, dd, 
£ « 1 A 7 Hz, NCH 2 CH), 4.62 (2H, d, 3 = 7 Hz, 0CH_ 2 ), 7.39- 
7.62 and 7.95-8.1 (5H, aromatic protons); 

5 CT*]R < 15 mz '> CDC1 3 ) 14.12 (0CH 2 CH 3 ), 33.46 (CHCH^O), 
34.04 (CH 2 C0), 61.26 (0CH 2 CH 3 ), 64.45 (OCh^CH), 76.17 
(NCH 2 ), 128.77, 129.88 and 133.65 (aromatic carbon atoms), 
166.33 (benzoate C=0), 171.02 (ester C=U); 

[Found: C, 58.1; H, 5.8; N, 4.2 ; C 14 H 1? N0 6 (296.3) 
requires C, 56.9; H, 5.8; N, 4.7^]; 

TLC: Rf = 0.70 (solvent system J). 
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Diethyl 2-f ormylbutaned ioate (192) 

A mixture of diethyl butanediaate (10.0 g, 57.5 mmole) 
and ethyl formate (6.0 g, 81 mmole) in diethyl ether (BO ml) 
was stirred rapidly and 30% sodium hydride (1.9 g) was 
added, portionwise. Then the mixture was heated, slowly 
until reflux. After heating for 45 minutes, the yellow 
solution turned solid. The reaction was stopped and the 
reaction mixture was allowed to cool. Then the mixture 
was acidified with dilute sulphuric acid solution to P H 
1. The organic layer was separated. The aqueous layer 
was extracted with more diethyl ether. The combined 
extract was washed, dried and evaporated and then dis- 
tilled at 110-114° (0.4 mm Hg) to leave the title com- 
pound as a yellow oil (6.98 g, 34.5 mmole, 61'/o); 



-1 



max 



(C=C); 



PFIR 



(film) 3425 (OH), 1710 (ester) and 1630 cm 



(60 MHz; CDC1„) 1.3 (6H, 2xt, J = 7 Hz, 2 x 






0CH 2 CH 3 ), 3. 02 (2H, d, 3 = 6 Hz, CH 2 CH), 3.2 (2H, s, CH 2 , 
enolic form), 3.65 (1H, t, 3 = 6 Hz, CH 2 CH), 4.3 (4H, 2xq, 
J = 7 Hz, 2 x 0CH 2 CH 3 ); 

5 C|Y]R (15 MHz; CDC1 3 ) 13.9 (CH 2 CH 3 ), 29.9 and 32.9 
(CH CD; both formyl and enolic form), 54.0 (HCCH), 60.6, 
61.0 and 61.9 (QCH 2 CH 3 ), 99.4 and 104.5 (C=C)° 162.8, 168.1 
171.2, 171.6 and 171. B (C=0) and 195.9 (HC=0); 

G.C. at 150°: Rt ■ 4.8 minutes; pr^W^^y 
TLC: Rf = 0.45 (solvent system 5; stained reddish 
brown with alcoholic FeCl 3 solution). 
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Diethyl 2-[[( 2 , 4-dinitrophenyl )hydra2ono] methyl] butanedioate 
(193 ) 



A solution diethyl 2-f ormylbutanedioate (1.04 g, 
5.15 mmole) in ethanol (16.5 ml) uas stirred and 2,4- 
dinitrophenylhydrazine (0.98 g, 4.95 mmole) and acetic 
acid (0.5 ml) uere added. The mixture uas heated to re- 
flux. After refluxing for 2.75 hours, the reaction uas 
complete. The orange solid precipitated out on cooling 
uas filtered. It uas recrystallized from ethanol to 
give the title hydrazone as orange coloured crystals 
(1.34 g, 3.51 mmole, 70;/); 

m.p. 90-91° (lit. 226 89-91°); 



max 



(Nujol) 3240 (NH), 1735 and 1708 (C=0), 1625 



-1 



and 1590 cm" ' (C=N)j 

6 pp| R (100 MHz,* CDC1 3 and DNSDd 6 ) 1.3 (6H, 2xt, 3 = 
8 Hz, 2 x 0CH 2 CH 3 ), 3.1 (2H, d, J = 7 Hz, CH 2 CH), 4.08 
(1H, t, J = 7 Hz, CHCH 2 ), 4.35 (4H, 2xq, 3 = 8 Hz, 2 x 
CH 2 CH 3 ), 8.3, 8.6 and 9.42 (3H, aromatic protons) and 
12.18 (1H, NH); 

S C |y, r (15 PlHz; CDC1 3 and DNSOd 6 ) 14.1 (CH 2 CH 3 ), 33.2 
(CH 2 ), 44.7 (CH 2 CH), 60.9 and 61.7 (2 x 0CH CH-), 116.8 
(NH-^J^» 123.3 (NH-<^^), 129.9 {O^-J^ ), 138.2 
(NH,-<^>), 145.3 (HN^J^>), 147.9 (HN-<^J^N and HC=N), 
170.3 and 171.2 (C=0); N 

TLC: Rf ■ 0.75 (solvent system S). 
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Ethyl tetrahydro-5-oxo-3-furancarbQxylate (194 ) 






C0 2 Et 












(194) 

A solution of diethyl 2-f ormy lbutanedioate (2D. 96 g, 
1D4 mmole) in ethanol (200 ml) uas stirred at room tem- 
perature and treated with sodium tetrahydridoborate 
(3,9 g, 103 mmole), in portions, over a period of 30 
minutes. Then the cloudy mixture uas stirred at 70° for 
2.5 hours. The resulting mixture uas allowed to stir at 
room temperature for 4 days. Then it uas cooled in an 
ice-bath, quenched uith ice (10 g) and then concentrated 
hydrochloric acid (12 ml) uas slouly added, uith vigorous 
stirring. The solvent uas removed and the residue uas 
dissolved in trichloromethane . The organic layer uas 
separated, washed uith saturated brine, dried and eva- 
porated to leave a broun oil, uhich uas distilled to give 
the title ester as an almost colourless liquid (1.84 g, 
11 .63 mmole, 11%) J 

b.p. 100-110° at 0.11 mm Hg (lit. 225f b.p. 154° 
at 19 mm Hg); 

Umax (film) 2950 (C-H), 1765 (lactone) and 1715 cm -1 
(ester) ; 

« p|f|R (60 MHz, CDC1 3 ) 1.3 (3H, t, 3 = 7 Hz, CH 2 CH 3 ), 
2.6-3.1 (2H, m, Ch^CO), 3.4-3.6 (1H, m, CH CO ) , 4.0-4.7 
(4H, m, 0CH 2 CH 3 and CH 2 0); 
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& cm (15 PIHzj CDC1 3 ) 14.1 (Ch^CHg), 30.9 (CHCH CO), 
40.1 (CHCD 2 ), 62.0 (0CH 2 CH 3 ), 69.2 (Ch^O), 171.5 (fO-Et) 
and 176.4 (C=0, lactone); 

G.C. at 120 : Rt = 3.5 minutes; ^/-vccJ^rt £. j 

TLC: Rf = 0.45 (solvent system S). 

4-Bromo-3-(bro momethvl)-2-butenoic acid (199 ) 

The procedure reported by Boeckman 230 for the bromi- 
nation of 3-methyl-2-butenoic acid was folloued. Thus 
the title acid was obtained as a golden yellou syrup 
(38.19 g, 0.15 mole, IQQjQj 

°max ( film ) 3500 to 2400 (OH), 1695 (C=0) and 1635 
cm" 1 (C=C); 

[' 6 WR (60 riHz; CDC1 3 ) 1.18 (1H, s, OH), 4.19 (2H, s, 
BrCH 2 ), 4.73 (2H, s, BrCH 2 ) and 6.06 (1H, s, =CHCQ); 

6 C|V)R ( 1S m *i CDC1 3 ) 25.13 (BrCH„), 33.33 (BrCHj, 
120.96 (=CHC0), 153.05 (C=CHC0) and 170.24 (C=0); 

TLC: Rf = o.75 (solvent system H) and Rf = 0.65 
(solvent system D). 




4-(Bromo methvl)-2(5H)-furanone (200 ) 

The title lactone uas prepared from compound (199) 
according to the method described by Boeckman. 230 Thus 
the product uas isolated as reddish broun oil (21.36 g, 
0.12 mole, 83%); 

u max Cfiim) 1765 and 1730 cm" 1 ( A a ' -butenolide) ; 

* pm (200 mz; CDC1 3 ) 4.23 (2H, dt, J = 1 Hz,BrCH 2 ), 
4.97 (2H, dt, 3 = 1 Hz, 0CH 2 ) and 6.18 (1H, dt, J = 1 and 
1 Hz, =CHC0); 
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CMR ^ b |¥,HzJ CDC1 3 ) 22 ' 85 (BrCH 2 ), 72.13 (OCHg), 
118.88 (=CHCQ), 164.19 (C=CHCO) and 173.10 (C=0); 
TLC: Rf ■ 0.55 (solvent system J ) . 

4-(Benzoyloxy)-2(5H)-furanone (201 ) 

To a mixture of 4- ( bromomethyl )-2( 5H)-f uranone 
(1.45 g, 8.2 mmole) and benzoic acid (1.0 g, 8.2 mmole) 
in l\l,N-dimethylformamide (10 ml) was added anhydrous 
potassium carbonate (1.34 g). After stirring at room 
temperature for one hour, the dark brown reaction mix- 
ture was diluted with ethyl acetate and washed with 
water. The organic layer was separated, dried and eva- 
porated to afford the title compound as a white solid 
(1.45 g, 6.6 mmole, 78','.); 

m.p. 105-109° (from EtOAc); 



max 

-1 



(film) 1785 and 1740 ( A a » e -butenolide) and 



1715 cm (benzoate); 

6 PnR (200 NHz; CDC1 3 ) 4.95 (2H, dt, J = 2 Hz, 0CH 2 ), 
5.23 (2H, dt, J = 1 Hz PhCDCH 2 ), 6.18 (1H, dt, J = 1 and 
2 Hz, =CHC0), 7.41-7.7 an9 8.0-8.12 (5H, m, aromatic pro- 
tons) ; 

5 CMR ( 15mH zJ CDC1 3 ) 59.89 (PhC0 2 CH 2 ), 71.28 (QCH,), 
117.44 (=CHC0), 128.9, 129.94 and 134.04 (aromatic carbon 
atoms), 163.73 (C=CHC0), 166.01 (benzoate C=0 ) and 172.91 
(lactone C_=0); 

[Found: C, 65.1; H, 4.6; C^H.,^ . 0.1H 2 (220.0) 
requires C, 65.5; H, 5.1/J; 

TLC: Rf = 0.4 (solvent system J). 
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4-(Azidomethyl)-2(5H)-furanone (202 ) 






The general procedure [(D), conditions (ii)] for 

azide displacement on the bromide (200) was used. Thus 

the title azide uas obtained as a brown oil (2.83 g, 
20.28 mmole, 75>o); 

U max 2100 (N 3^ 1775 and 174D cm_1 ( A a ' 8 -butenolide); 

5 Pm (200 f'lHz; CDC1 3 ) 4.32 (2H, dt , 3 = 1 Hz 
NCH 2 ), 4.83 (2H, dt, J = 1.7 Hz, GCH_ 2 ) and 6.1 (1H, dt, 
3 = 1 and 1.7 Hz, =CHCU); 

5 cnR CIS f v IHz; CDC1 3 ) 48.17 (NCH 2 ), 71.54 (0CH-), 
117.77 (=CHC0), 163.3 (C=CHC0) and 172.97 (C=0); 

[Found: C, 43.4; H, 3.9; H, 25.5; Cg^N^ (139.1) 
requires C, 43.2; H, 3.6; N, 30.2,']; 

Mass spectrum: N/Z 139 (Fi + ), C 5 H 5 N 3 2 requires 139.11; 

TLC: Rf = 0.4 (solvent system 3). 



2-[(2,5-Dihydro- 5-oxo-3-Puranyl)methvl1 -IH-isoindole- 
1,3(2H)-dione (203 ) 



A mixture of 4-( bromomethyl)-2( 5H )-f uranone (1.0 g, 
5.66 mmole) and 1 H-isoindole-1 , 3( 2H )-dione potassium 
salt (1.05 g, 5.66 mmole) in N, N-dimethylf ormamide (10 ml) 
uas stirred at room temperature for 50 minutes. Then 
the reaction mixture was partitioned between ethyl acetate 
and water. The organic layer uas separated, washed, dried 
and ev/aporated to leave a slurry of solid. The solid was 
further purified by column chromatography, eluting with 
a mixture of petrol ether 40-60° and ethyl acetate (2:1). 
Fractions containing the required product were combined 
and evaporated to leave the title compound as a light 
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yellou solid (613 mg, 2.52 mmole, 45>b); 

m.p. 217-218°; 

U (CHBr,) 1780 and 1730 ( A a ' e -butenolide) and 
max 3 

1720 cm -1 (amide); 

6 PMR (200 MHz; acetone-d 6 ) 4.50 (2H, dt , 3 = 1 Hz, 
NCH 2 ), 4.98 (2H, dt, J = 1.6 Hz, 0CH 2 ), 6.19 (1H, dt , 
3=1 and 1.6 Hz, =CHC0), 7.85 (4H, s, aromatic protons); 

6 CnR (15 MHz; acetone-d 6 ) 23.89 (NCH 2 ), 72.46 (0CH 2 ), 
119.01 (=CHC0), 123.82 and 134.95 (aromatic carbon atoms), 
165.81 (C=CHC0), 169.81 (amide C=Q ) and 174.61 (lactone 
C=0 ) ; 

[Found: C, 62.7; H, 3.4; N, 8.8 ; C 13 H g N0 4 . 0.2DMF 
(254.6) requires C, 64.1; H, 4.1; !\l, 6 . b%] ; 

TLC: Rf = 0.5 (solvent system 3). 



3-(Chloromethyl)furan (215 ) 

The title compound uas prepared from the alcohol (213) 

239 
according to a literature procedure, as a light broun 

oil (3.66 g, 31.4 mmole, 62%); 

o „ (film) 1595 and 1500 cm" 1 (C=C); 
m 3 x 

5 p MR (200 MHz; CDCX 3 ) 4.50 (2H, s, ClCH 2 ) f 6.41 (1H, 
m, C-2H proton), and 7.3-7.45 (2H, m, C-4H and 5H protons); 

5 CMR (15 MHz; CDC1 ) 37.17 (CH_Cl), 110.60 ( I \\), 
122.71 (// \\), and 141.01 and 144.14 (2 x furan carbon 
atoms) ; 

TLC: Rf = 0.9 (solvent system R) . 
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2-[(3-furanyl)methyl]-1H-isoindole-1,3(2H)-dione (216 ) 

3-(Chloromethyl)f uran (3.50 g, 30.03 mmole) was 
dissolved in N, N-dimethylf ormamide (35 ml). The mixture 
uas stirred in a water-bath and treated with 1 H-isoindole- 
1 ,3(2H)-dione potassium salt (5.56 g, 30.03 mmole), in 
portions, over 5 minutes. (An exothermic reaction occur- 
red). After the addition, the reaction mixture uas stir- 
red at room temperature for 2 days. Then it uas diluted 
With ethyl acetate and washed with water, dried and eva- 
porated to leave a brown solid. The crude product was 
purified by column chromatography to give the title com - 
pound as a yellow crystalline residue, which turned 
darker in colour on storage (2.82 g, 12.44 mrnole, 41%); 






m.p, 74-76 ; 



-1 



max 



PMR 



(Nujol) 1695 (amide), 1600 and 1590 cm (C=C); 
(200 FlHz; CDC1 3 ) 4.70 (2H, s, CH 2 N), 6.45 (1H, 

m 'H \l» 7 ' 32 and 7 - 52 ( 2H » m iff \) an d 7.62-7.7B and 
7.79-7.90 (4H, m,^V>); ^ 

S cm (15 (1Hz; CDC1 3 ) 31.96 (CH^N), 110.86 (^ Q >), 
120.37 (phthamido carbon atoms), 123.23 [U \) . 132.09 
and 133.98 (phthalamido carbon atoms), 141.33 and 143.22 
(2 x furan carbon atoms) and 167.83 (C=0); 

[Found: C, 68.2; H, 4.1; N, 5.8; C 13 H g N0 3 . 0.1H 2 
(229.0) requires C, 68.3; H, 4.2; N, B.1%]j 

TLC: Rf = 0.85 (solvent system 0). 
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Preparations leadi ng to Y-aminomethvl- Y-butvrolactnn. 
salts (232) and (252 ) 



(S)-tetr ahydro-5-oxo-2-furancarboxylic acid (225 ) 



H0 2 C 






r=0 



H 

(225) 



The preparation of the title compound from L-glutamic 
acid (224) uas carried out according to the method des- 
cribed by Koga et al . 242d The reaction afforded the 
title acid as a light yellow syrup (16.2 g, 0.12 mmole, 
100%) j 

Hnax ( filrn ) 36Q to 22DD (OH), 1780 (lactone) and 
1715 cm" 1 (C=D); 

$ Pm (60 MHz; CDC1 3 ) 2.1-3.0 (4H, m, CH^CO) and 
5.1 (1H, m, CH); 

$ cm (15 MHz; D 2 and dioxane) 29.2 (CH_ 2 CH 2 C0), 
I 30.0 (CH 2 C0), 69.9 (CH), 178.3 (C0 2 H) and 178.5 (lactone); 
TLC: Rf = 0.5 (solvent system H, under Ulf, but be- 
a streaky trace when developed in iodine vapour). 



came 



N.B. A second compound (ca. 20^) is present as indicated 
by CCIR spectroscopy (presumably the open-chain a-hydroxy- 
glutaric acid). 
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Ethyl (5)-tetrahydro-5-oxo-2-furancarboxylate (226 ) 



(A) By esterif ication of the lactanic acid (225 ) 

The method reported by Koga et al uas used. Thus 
the title ester uas obtained as a light yellou oil (3.2 g, 
20. Q mmole, 17%); 

b.p 104-106° at 0.7 mm Hg [lit. 242d b.p. 135-140° (10 
mm)] ; 

[<*] D + 10.2° (C=0.46; EtOH) [lit. 242d [a]^ 2 +11.5 
(C=2.93; EtOH)]; 

u max (film) 1785 (lactone) and 1730 cm" 1 (ester); 

6 pm (60 MHz; CDC1 3 ) 1.32 (3H, t, J = 8 Hz, CH 2 CH 3 ), 
2.0-2.9 (4H, m, CH 2 CH 2 C0) f 4.4 (2H, q, 3 = 8 Hz, CH CHg) 
and 4.9-5.15 (1H, m, CH); 

8 cnR (15 MHz; COCl 3 ) 14.1 (CH ), 25.9 (CH 2 CH 2 C0), 
26.8 (CH 2 C0), 62.1 (CH 3 CH 2 0), 75.9 (CH), 170.3 (ester C=0 ) 
and 176.4 (lactone C=0); 

G.C. at 100 : Rt = 3.3 minutes; pr-ocz^t^^z A.) 

TLC: Rf = 0.B (solvent system H). 

M.B. The product still contained ca. IDjJ of the open- cn ain 
hydroxy ester, see later. 









(B) Treating the hydroxy ester (227) uith TFA 

Diethyl ( S)-2-hydroxypentanedioate (100 mg, 0.47 mmole) 
uas dissolved in trif luoroacetic acid (1 ml). After stand- 
ing at room temperature for 15 minutes, the solvent uas 
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removed under reduced pressure and then dried over phos- 
phorus pentoxide and sodium hydroxide to give the title 
ester as a yellow oil (74 mg, 0.47 mmole, lOOjQj both 
IR and IWIR spectra uere identical with the ester pre- 
pared above; TLC indicated about 10% of the hydroxy ester 
was still present. 



Diethyl ( S )-2-hy droxypentanedioate (227 ) 

Benzene (30 ml) and 4-methylbenzenesulphonic acid 
monohydrate (200 mg) uas added to a solution of 5-oxo- 
tetrahydrofuran-2-carboxylic acid (7.62 g, 60 mmole) 
in ethanol (13 ml). The mixture uas refluxed for 2.5 
hours. Then it uas alloued to stand at room temperature 
for 2 days. The reaction mixture uas diluted uith ben- 
zene, washed uith uater, saturated sodium hydrogen 
carbonate solution and then brine. The organic layer 
uas separated, dried and evaporated to leave the title 
hydroxy ester as a yellou oil (7.83 g, 3B.9 mmole, 6B£); 

u max (film) 3450 (OH) and 1715 cm" 1 (ester); 

S pm (60 MHz; CDC1 3 ) 1.3 (6H, 2t, 3 = 7 Hz, 2 x 
CH 2 CH 3 ), 1.6-2.6 (5H, m, CHCH 2 CH 2 CG ) , 3.9 (1H, broad 
singlet, OH) and 4.25 (4H, 2q, J ■ 7 Hz, 2 x CH 2 CH 3 ); 

S cm (15 mz; CDC1 3 ) 14.1 (CH 3 ), 29.4 (CH 2 CH CO), 
29.8 (CH 2 C0), 60.6 (CH 2 CH 3 ), 61.9 (CH 2 CH 3 ), 69.6 (HC-0H), 
173.5 (C=0) and 175.0 (C=0); 

G.C. at 100°: Rt = 5.2 minutes; proem?"**- cA ; 

TLC: 0.75 (solvent system H). 

[found: C, 51.1; H, 6.9 ; CgH. 15 . 0.5H 2 (212.2) 
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requires C, 51.0; H, 7.5), 

N.B. TLC and NMR indicated about / \Q% of the lactone was 
present . 

(5)-Dihydro-5-(hydroxymethyl)-2(3H)-furanone (22B ) 



HO— i 



(228) 



The title hydroxy compound was prepared from the 
ester (226) according to a literature method reported 
by Koga et al . The product uas a light yellou oil 
(370 mg, 3.2 mmole, 51^); [ a] n + 32° (C=0.S; EtOH) [lit. 242d 
[a] D 26 + 31.3 (C=2.92; EtOH)]; 

Umax (film) 3420 (OH), 2940 (C-H) and 1765 cm" 1 
(lactone ) ; 

S pm (100 PiHz; CDC1 3 ) 0.96-1.4 (2H, m, CHJCHJCO) , 
1.4-1.7 (2H, ffi, CH 2 C0), 3.0 (1H, broad singlet, OH), 3.4- 
4.2 (2H, m, H0CH 2 ) and 4.4-4.7 (1H, m, CH0); 

5 C|Y]R (15 MHz; CDC1 3 ), 23.1 (CH 2 CH 2 C0), 28.7 (CH 2 C0), 
64.1 (H0CH 2 ), 81.1 (CH0) and 178. 3 (lactone C=0 ) ; 

TLC: Rf = 0.4 (solvent system C). 
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(5)-5- [(Benzoyloxy )methyl1 dihy dro-2( 3H )-f uranone (229 ) 

The general procedure (F) for rj-benzoylation of hy- 
droxy compounds uas used. Thus ( 5 )-dihydro-5-(hydroxy- 
methyl)-2(3H)-furanone uas reacted with benzoyl chloride, 
in the presence of triethylamine, to give the title ben - 
zoate as a light yellou oil (532 mg, 2.42 mmole, 56%)', 
[«] D = + 37.8° (C=0.5; EtOH) [lit. 242d 



26 



[«J D + 48.2°(C=1.03j]. 






u max (film) 2950 (C-H), 176D (lactone) and 1720 cm -1 



(benzoate ) ; 



PMR 



(100 mz; CDC1 3 ) 1.9-2.4(2H, m, CH 2 CH 2 C0), 2.3- 
2.B (2H, m, CH 2 C0), 4.0-4.55 (2H, m, -0CH 2 ), 4.7-4.98 (1H, 
m, HC-0), 7.2-7.6 and 7.9-8.1 (aromatic protons); 

6 cm (15 MHz; CDC1 3 ) 24.0 (CH^Ch^CO), 28.2 (Ch^CO), 
65.8 (-QCH 2 ) f 77.5 ( H CO ) , 128.7 and 129.9 (5 unsubstituted 
aromatic carbons), 133.6 (^^CQ) , 166.4 (Ph-C=0) and 
176.8 (lactone C=0); 

[Found: C, 64.4; H, 5.7; C^H-,^ • 0.2H 2 (223.8) 
requires C, 64.4; H, 5.6?S] 

TLC: Rf = 0.7 (solvent system N). 



(5)-Dih ydro-5-r Tf(4— met hylphenyl ) sulphonyl 1 ox vl methyl] - 
2(3H)-furanone (230 ) 

The general procedure [(L), conditions (i)] for 0- 
sulphonylation of alcohols uas used. Thus (S)-dihydro- 
5-(hydroxymethyl)-2(3H)-furanone uas reacted uith 4-methyl- 
benzenesulphonyl chloride, in the presence of triethylamine, 
to give the title tosylate as a colourless crystalline 
residue (D.4 g, 2.1 mmole, 49%);, 
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m.p. 88 / lit 242c O „o, 
v- 1 - 1 ^ • m.p . 87 J ; 

l«h = + 44.6° (C ■ 0.61; CHC1 3 )[ lit . 242C [ a ] Q + 44.5° 
(C=0.95, CHC1 3 )]; 

u max (film) 2950 (C-H), 1780 (lactone), 1350 and 1160 
cm (SO ); 

S pm (100 MHz ; CDC1 3 ) 0.8-1.5 (2H, m, CH 2 CH 2 C0), 
1.4-1.8 (2H, m, CH 2 C0), 2.42 (3H, s, ArCH 3 ), 4.0-4.35 
(2H, m, 0CH 2 ), 4.38-4.9 (1H, m, HCO), 7.35 (2H, d, 3 = 8 
Hz, aromatic protons) and 7.78 (2H, d, 3 = 8 Hz, aromatic 
protons); 

& cm (15 MHz; CDC1 3 ) 21.7 (ArCH 3 ), 23.5 (CH 2 CH 2 C0), 
27.9 (CH 2 C0), 70.1 (0CH 2 ), 76.6 ( H CO ) , 128.2 (CH 3 ^ ==r ^ >) , 
130.2 (CH 3 -^> ), 132.4 (CH^Q ), 145.7 (Q-'s) and 
176.4 (C=0); 

[Found: C, 51.9; H, 5.4; C 12 H 14 5 S (279.3) requires 
C, 51.6; H, 5.4%]; 

TLC: Rf = 0.65 (solvent system (\l). 



(5)-5-(AzidomBthyl)dihvdro-2(3H)-furanone (231 ) 

The title azide was prepared by using the general 
procedure [(D), conditions (i)] for azide displacement 
on the tosylate (230). Thus product uas isolated as a 
broun oil (225 mg, 1.6 mmole, 87^); 

[a] D = + 85.7° (C=0.7; CHC1 3 ) [lit. 246c [ a ] Q = + 56° 
(C=2; CHCl^]; 

u max ( film ) 2100 ( N 3 ) and 1775 cm" 1 (lactone); 
6 pm (60 MHz; CDC1 3 ) 0.75-3.0 (4H, m, CHgCH-CO), 
3.25-3.85 (2H, m, N 3 CH_ 2 ) and 4.5-4.9 (1H, m, HCO); 
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S cm (15 flHzj CDC1 3 ) 24.6 (CJ^CH^O), 28.2 (CH CO), 
54.2 (N 3 CH 2 ), 78.1 (HCO) and 176.6 (C=0); 

[Found: C, 42.0; H, 5.4; N, 29.7; CgH N (141.3) 
requires C, 42.5; H, 5.0; l\l, 29.8;-o]; 

G.C. at 120°: Rt = 2.8 minutes; prx><*.ctt1t£ a, 

TLC: Rf = 0.6 (solvent system N). 



(S)-5-(Aminomethyl)dihydro-2(3H)-furanone hydrochloride 
(232 ) 



The product was obtained by the hydrogenation [gen- 
eral procedure (3)] of ( 5 )-5-(azidomethyl )dihydro-2( 3H )- 
furanone (1.42 g, 10.05 mmole) in the presence of 2 N 
hydrochloric acid. The title hydrochloride uas isolated 
as a pale yellou hygroscopic solid (1.21 g, 8.04 mmole, 

80#)j 

Umax (Nujol) 3700 to 2200 (NH 3 and OH), and 1775 
cm (lactone); 

6 pm (60 HHz; D 2 0) 0.9-3.1 (4H, m, CH_ 2 CH_ 2 C0), 3.15- 
3.5 (2H, m, CH 2 NH 2 ), and 4.8-5.15 (1H, m, HCO ) ; 

6 CI^R ^ 15 MHz; D 2° and DSS aS standard ) 27 » 1 (CH 2 CH 2 C0), 
30.8 (CH 2 C0), 45.5 (CH 2 NH 2 ), 80.6 (HCD) and 185.7 (C=0); 

[Found: C, 38.7; H, 6.5; IM, 8.0; C c H. n ClNQ_ . 0.5H o 

o 1 U Z 2 



(160.6) requires C, 37.4; H, 6.8; N, 8.7%]; 
TLC: Rf = (solvent system H). 



■ 






N.B. A second (minor) set of signals were detected on 

13 

C-NMR, which uas believed to be the ring-open 

form, with peaks at 5 31.31, 32.4, 47.14, 60.2 and 

189.12. 
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(5)-5-[(Benzoylamino)methyl1 dihydro-2( 3H)-f uranone (233 ) 

The general procedure (E) for J^-benzoylation of 

ammonium salts was used. Thus the treatment of (5)-5- 

(aminomethyl)-dihydro-2(3H)-f uranone (150 rug, 1.0 mmole) 

uith benzoyl chloride, in the presence of triethylamine, 

gave the title amide as a pale yellow gum (193 mg, 0.88 

mmole, 89/b); 

U (film) 3350 (NH), 1770 (lactone C=0), 1645 and 
max \ tt \ /» 

1540 cm" 1 (CONH); 

6 pf , 1R (60 MHzj CDC1 3 ) 0.75-2.8 (4H, m, CH 2 CH CO), 
3.25-4.2 (2H, m, CH 2 N), 4.5-5.0 (1H, m, HC0), 6.95—7.3 (1H, 

bs, NJH ) , 7.3-7.65 and 7.65-8.1 (5H, m, aromatic protons); 

6 C(V]R (15 MHz; CDCl^) 24.86 (CH 2 CH 2 C0), 28.58 (CH CO), 
43.42 (CH 2 NH), 79.75 (HC0), 127.27, 128.83 and 132.09 (5x 
unsubstituted aromatic carbon atoms), 133.98 (1 substituted 
aromatic carbon atom), 168.29 (CONH) and 177.21 (lactone 
C=0); 

[Found: C, 65.0; H, 6.2; N, 5.7; C^H^N . 0.2^0 
(222.8) requires C, 64.7; H, 6.1; N, 6,3%] j 

TLC: Rf = 0.45 (solvent system H). 

- 

(5)-1-r(Tetrahydro-5-oxo-2-furanyl)methyl]piperidinium 
4-methylbenesulphonic acid salt (246a ) 



CH 3 



On 



Of 

Smmf 



SOH 



D-° 



(246a) 
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A mixture of ( 5)-dihydro-5-[[[(4— methylphenyl ) 
sulphonyl] oxy] methyl] -2(3H)-furanone (2.96 g, 10.99 
mmole) and piperidine (0.935 g, 10.99 mmole) in ethanol 
(59 ml) uas refluxed for 5 hours. ThBn the solvent was 
removed under reduced pressure to leave the title salt 
as a light broun gum (3.89 g, 10.90 mmole, 98)o); 



U 



max 



3700 to 2300 (NH and OH), 1770 (lactone), 



-1 



1350 and 1160 cm ( SO ) ; 



PMR 



(60 rOHz; CDC1 3 ) 1.01-2.0 (4H, m, CH 2 CH 2 C0), 1.6- 
2.2 (6H, m, 3', 4 1 and 5' methylene protons of piperidine 
ring), 2.4 (3H, s, ArCH 3 ), 2.2-3.85 (4H, m, 2' and 6' 
methylene protons of piperidine ring), 2.9-3.2 (2H, m, 
NCH 2 ) and 4.45-4.95 (1H, m, HC0); 



CMR 



(15 FIHz; CDCl^) 21.28 (ArCH^), 22.39 (( N-), 



23.24 (CH 2 CH 2 C0), 24.93 (/ N- ) , 28.25 (CH 2 C0), 

44.79 ({ V), 54.94 (NCH 2 ), 78.19 (HC0), 125.06 (CH 3 -^ % , 
128.18 CCH 3 -^^) f 139.58 (CHg-/^^), 141.20 if^\s) 1 
and 176.22 (C=0); 

TLC: Rf = (solvent system H). 



m 



(5)-1-f (Tetrahvdro-5-oxo-2-furanyl)methvl1piperidiniu 
hydrochloride (246b ) 



A mixture of ( S )-dihydro-5-[[ [ (4-methylphenyl)-sulphonyl] oxy ] 
methyl] -2 ( 3H )-f uranone (200 mg, 0.74 mmole) and piperidine 
(63 mg, 0.74 mmole) in ethanol (4 ml) uas refluxed for 
5 hours. Then the solvent uas removed to leave a broun 
gum. The residue uas dissolved in a small amount of water 
and put onto an Amberlite IRA 410 (Cl~) column (20 g), 
eluting uith water, at such a rate that a drop uas formed 
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per 2 seconds. Fractions containing the required product 
uere combined and ev/aporated to a gummy solid. This crude 
product was further purified by heating an aqueous solution 
of the hydrochloride with charcoal for 15 rnin at 70 . Then 

the suspension was filtered. The filtrate uas evaporated 
to leave the title hydrochloride as a colourless crystalline 
residue (96 mg, 0.44 mmole, 60.); 

?u (Nujol) 3700 to 2100 (f\JH and UH) and 1770 cm" 1 
max v J ' x ' 

(lactone) ; 

<5 pMR (CDC1 3 ) 1.2-2.0 (4H, m, CH_ 2 CH 2 C0), 1.5-2.2 (6H, 
m, 3', 4' and 5 1 methylene protons of piperidine ring), 
2.0-3.2 (4H, m, 2' and 6' methylene protons of piperidine 
ring), 2.9-3.4 (2H, m, NCH,) and 4.4-5.0 (1H, m, HC0); 



6 Qm (15 FSHzJ CDC1 3 ) 22.46 ( 



\ 




N-), 23.31 (CH 9 CH 



X 



2 V "'2 



CO), 26.76 U N-), 28.06 (CH 2 C0), 44.59 (/ N-), 54.29 
(NCH 2 ), 8lT05 (HC0), 176.49 (C=0); V 

6 pMD (DoO anc l dioxane, reference to absolute zero) 
59.33 (/ ~V), 60.54 (CH,CH o C0), 63.34 (/ N- ) , 66.14 

' — / — \ _^ / 

(CH 2 CU), B2.94 U N-), 91.33 (NCH 2 ), 113.54 (HC0) and 

219.19 (C=0); \ 

[Pound: C, 40.8; H, 8.0; N, 5.5; C 10 H 18 C1N0 2 . 4H 2 
(292) requires C, 41.0; H, 8.9; l\l, 4.9^]; 

TLC: Rf = (solvent system H). 



N.B. The solid uas very hygroscopic. Minor signals uere 
also detected by C-13 NMR spectroscopy. 
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Dihydro-5-(iodomethyl)-2(3H)-furanone (249 ) 



The procedure for iodolactonization of pent-4-enoic 
acid (248) reported by van Tarnelen was adopted. Thus 
the title iodide uas isolated as a light broun oil (l.26g, 
5.4 mmole, 1007b); 

u max ( film ) 175D cm_1 (lactone). 

£ pm (20D HHzj CDC1 3 ) 1.8-2.1 (1H, rn, HCHCH^O), 
2.38-2.78 (3H, m, CHCh^CO), 3.3 (1H, 2d, J 7.6 and 7.6 
Hz, ICH), 3.4 (1H, 2d, 3 4.5 and 4.5 Hz, ICH) and 4.42- 
4.62 (1H, m, HCO), 

S cm (15 MHz; CDC1 3 ) 7.48 (ICHg), 28.12 (CH 2 CH 2 C0), 
28.84 (CH 2 C0), 78.58 ( H CD ) and 176.48 (C=0); 
TLC: Rf = D. 54 (solvent system J). 

5-(Benzovloxv)dihvdro-2(3H)-furanone (250 ) 

A mixture of dihydro-5-(isodomethyl )-2 ( 3H )-f uranone 
(0.65 g, 5.29 mmole), benzoic acid (0.65 g, 5.3 mmole), 

1,4,7,10,13,16-hexaoxacyclooctadecane (lB-croun-6) (1.4 g„ 
5.29 mmole) and potassium carbonate (1.37 g) in dichloro- 
methane (20 ml) uas stirred at room temperature for 2 days 
and then refluxed for 8 hours. By then, TLC indicated 
that the reaction uas complete. Thus the reaction mix- 
ture uas diluted uith ethyl acetate, uashed uith uater, 
saturated sodium hydrogen carbonate, and brine. The 
organic layer uas separated, dried and evaporated to 
leave a broun oil. The crude product uas purified on a 
silica gel column, eluting uith a mixture of petrol 
ether 40-60 and ethyl acetate (2:1). Fractions con- 



249 



taining the required product were combined and evaporated 
to leave the title compound as a light broun oil (395 mg, 
1.64 mmole, 31jC)j 



u m=v (film) 1775 (lactone C=0 ) and 1720 cm -1 (est 

III a X x 



er 



C=U); 



pmr 



(60 MHz; CDC1,) 2.0-2.B (4H, m, CH CH CO), 4.35- 



2 "^2 






4.55 (2H, m, 0CH 2 ), 4.65-5.0 (1H, m, HCO), 7.2-7.7 and 
7.9-8.2 (5H, m, aromatic protons), 

g p[v|R (200 MHz; CDC1 3 ) 2.02-2.22 (1H, m, HCHCH 2 C0), 
2.3-2.59 (1H, m, CHCH 2 C0), 2.58-2.9 (2H, m, CH_ 2 C0), 4.42 
(1H, 2d, 2.8 and 2.5 Hz, 0CH ) , 4.58 (1H, 2d, 2 1 « 8 and 
1.8 Hz, 0CH), 4.8-4.98 (1H, m, HCO), 7.38-7.42 and 7.95- 
8.1 (5H, m, aromatic protons); 

5 £m (50 MHz; CDC1 3 ) 23.97 (CH 2 CH 2 C0), 28.17 (CH 2 C0), 
65.72 (0CH 2 ), 77.46 (HCO), 128.53, 129.44 129.67 and 
133.38 (6 aromatic carbon atoms), 166.09 (ester £=0) and 
176.54 (lactone C=0); 

[Found: C, 64.2; H, 5.4; C 12 H 12 4 . 0.15H 2 (222.9) 
requires C, 64.6; H, 5.5JS]; 

TLC: Rf = 0.55 (solvent system 0). 

5-(Azidomethyl)dihydro-2(3H)-Furanoan (251 ) 
(A) From the iodide (249 ) 






N 



Ury 







(251) 
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The general procedure [(D), conditions ( i )] for azide 
displacement uas used. Thus the title azide uas obtained 
from dihydro-5-(iodomethyl)-2(3H)-furanone (9.33 g, 40.8 
mmole) as a broun liquid (3.18 g, 22.6 mmole, 56%); 

U max ( film ) 210 ° (N 3 ) and 1770 cm" 1 (lactone); 

6 mR (60 MHz; CDC1 3 ) 1.6 to 2.9 (4H, m, CH 2 CH 2 C0), 
3.4 to 3.7 (2H, m, NCH_ 2 ) and 4.4 to 4.75 (1H, m, HCO); 

5 p(V)R (2D0 Flhz; CDC1 3 ) 1.98-2.18 (1H, m, HCHCH 2 CU), 
2.20-2.5 (1H, m, CHCH^O), 2.5-2.7 (2H, m, CH_ 2 C0), 3.43 
(1H, 2d, J 2.5 and 2.2 Hz, NCH), 3.62 (1H, 2d, J 2.5 and 
2.2 Hz, NCH), 3.62 (1H, 2d, 2 and 2 Hz, NCH) and 4.5- 
4.75 (1H, m, HCO); 

S cnR (15 MHz; CDC1 3 ) 24.60 (CH 2 CH 2 C0), 28.25 (CH 2 C0), 
54.23 (NCH 2 ), 78.25 (HCO) and 176.75 (C=0); 

Mass spectrum: M/Z 141 (M + ); 

[Found: C, 42.6; H, 5.1; N, 29.0; C^N^ (141,1) 
requires C, 42.6; H, 5.0; N, 29.8> c ']; 

TLC: Hf = 0.54 (solvent system N). 



(B) From the lactonic ester (259 ) 

Ethyl 5-(azidomethyl)-tetrahydro-2~oxo-3-furancarboxy- 
late (4.5 g, 21.2 mmole) uas dissolved in tetrafuran (2 ml) 
and 6 N aqueous hydrochloric acid solution (45 ml) uas 
added amd refluxed For one hour. After cooling, the sol- 
vent uas removed under reduced pressure to leave a broun 
oil. The crude product uas purified by silica gel column 
chromatography, eluting uith a mixture of petrol ether 
40-60° and ethyl acetate (1:1) and then ethyl acetate. 
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Fractions containing the required product were combined 
and evaporated to leave the title compound as a light 
broun oil (1.2 g, 8.3 mmole, 39^); 

I R & NNR spectra and TLC of this compound uere iden- 
tical with those measured for the compound prepared pre- 
viously, procedure A. 

5-(Aminomethvl)d ihydro-2(3H)-furanone. hydrochloride (252 ) 

( A ) Via reduction of the azide (251 ) 

The title salt uas prepared by hydrogenolysis of 5- 
(azidomethyl)dihydro-2(3H)-furanone (2.0 g, 14.2 mmole), 
in the presence of aqueous hydrochloric acid, using the 
general procedure (J). It uas isolated as a waxy yellow 
solid, a dihydrate (2.43 g, 13.0 mmole, 92^)} 

U max ( fllm ) 3650 to 2150 (NH 3 and OH) and 1750 cm" 1 
(lactone) ; 

5 p|Y]R (200 MHz; D 2 0) 1.98-2.18 (1H, m, HCHCH^O), 
2.40-2.61 (1H, m, CHCH^O), 2.62-2.8 (2H, m, CH 2 C0), 3.2- 
3.49 (2H, m, NCH 2 ) and 5.0-5.2 (1H, m, HCG); 

6 CMR ^ 15 NHz; D 2° and dioXanB ) 28.78 (CH 2 CH CO), 
29.62 (CH 2 C0), 43.55 (NCH 2 >, 78. 58 (HC0) and 178.70 (C=C); 
TLC: Rf = (solvent system H). 



N.B. A second (minor) set of signals uere detected on 

1 3 

C-IWIR, uhich uas believed to be the acyclic acid 

uith peaks at ^29.62, 30.4, 45.12, 67.6 and 181.70. 
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(B) By the reaction of a protected amino epoxide (272 ) 
with diethyl sodiomalonate 

A solution of sodium ethoxide uas carefully prepared 
by the addition of SQ% sodium hydride (720 mg, 15 mmole) 
to ethanol (15 ml). This solution uas stirred rapidly 
in an ice-bath and diethyl propanedioate (1.81 ml, 12 
mmole) uas added. The white suspension uas stirred for 
10 minutes and then refluxed for 15 minutes. 2-(2,3- 

Epoxypropyl )-1 H-isoindole- 1 ,3(2H)-dione (2.03 g, 10 mmole) 
uas added to the mixture, in portions, over 25 minutes. 
After refluxing for a total of 5 hours, the dark-brown 
solution uas cooled and concertrated to dryness. To 
the residue uas added 6 N aqueous hydrochloric acid 
(3D ml) and heated under reflux for one hour. After 
cooling, the mixture uas washed with ethyl acetate. 
The aqueous layer was separated and evaporated to leave 
a semi-solid residue, which was redissolved in water and 
purified by passing through a Dowex 50U X8 column. The 
aqueous eluant containing required product was evaporated 
to afford the title salt as a brown solid (1.52 g, 10 
mmole, 100/u). 

IR and NMR (60 (1Hz) spectra of this compound were 
identical to those reported above. 









5- [(Benzoyl am ino)methyl]dihydro-2(3H)-furanone (253 ) 

The general procedure (E) for _N-benzoylation of 
ammonium salts was used. Thus the title amide was ob- 
tained as a light yellow solid (483 mg, 2.21 mmole, 68%); 

U _ (film) 3300 (NH), 1750 (lactone C=0), 1630 and 

ni3 x 
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1520 cm 1 (CONH); 

S pm (200 NHS) CDC1 3 ) 1.95-2.12 (1H, m, HCHCH^O), 
2.28-2.48 (1H, m, CHCH^O), 2.52-2.62 (2H, m, CH 2 C0), 
3.42-3.62 (1H, m, NCH), 3.84-4.02 (1H, m, HNCH), 4.63- 
4.81 (1H, m, HCO), 6.68 (1H, broad singlet, NH) and 
7.3-7.6 and 7.7-7.8 (5H, m, aromatic protons); 

S Qm (15 MHz; CDC1 3 ) 24.87 (CH^H^O), 28.65 (CH 2 C0), 
43.55 (CH 2 N), 79.82 (HCO), 127.47, 128.78, 132.03, 134.2 
(6 x aromatic carbon atoms), 168.65 (amide C=0) and 177.67 
(lactone C=0); 

[Found: C, 64.9; H, 6.1; N, 6.4; C 12 H 13 N0 3 . 0.1H 2 
(221) requires C, 65.2; H, 6.0; N, 6.3,]; 
TLC: Rf = 0.5 (solvent system H). 



2-(2-Pr openyl)propanedioic acid (255 ) 



A solution of sodium hydroxide (6.1 g, 100 mmole) in 

water (10 ml) uas stirred and diethyl 2-( 2-proponyl ) 

propanedioate (10 g, 50 mmole) uas added, slowly. The 

resulting mixture uas allowed to stand at room temperature 

for tuo days. Then the mixture uas acidified to pH 1 

uith concentrated hydrochloric acid. The aqueous layer 

uas extracted uith ethyl acetate. The organic layer 

uas separated, dried and evaporated to leave the title 

acid as a white solid (2.85 g, 19.8 mmole, 40>); 

U max < Nu J o1 ) 3300-2500 (OH), 1700 ( C=0 ) and 1620 cm' 1 
(C=C); 



P |V] 



R (200 NHz; CDC1 3 ) 2.7 (2H, t, J = 3.5 Hz, =-CH_), 



3.55 (1H, t, 3 = 3.5 Hz, CH 2 CH), 5.12 (2H, m, CH 2 =C) an, 
5.78 (1H, m, CH=C); 






5 CjV]R (15 NHz; acetone-d and TWS) 33.59 (=-CH ), 
51.32 (CH 2 CH), 117.70 (CH 2 =CH), 135.67 (CH 2 =CH) and 
171.21 (C0 2 H); 

TLC: Rf = 0.2 (solvent system 3; a streaky trace). 
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4-Pentenoic acid (248) and dihy dro-5-methyl-2 ( 3H )- 
furanone (256 ) 



■CH 2 CH 2 C02H 



H 3 C n 



(248) 



(256) 



2-(2-Propenyl)propanedioic acid (4.1 g, 28.3 mmole) 
was heated in an oil-bath at 140° for one hour. During 
the reaction, the solid melted and gas evolved. The 
title compounds uere isolated as a broun liquid in a 3 
to 1 mixture (2.8 g, 28.1 mmole, 99^); 

Data on the title acid:- 



'max 



(film) 3600 to 2400 (CO H), 1690 (acid C=0 ) and 



1622 cm" 1 (C=C); 

5 p|V|R (200 MHz; CDC1 3 ) 2.22-2.59 (4H, m, CH 2 CH CO), 
4.9 to 5.12 (2H, m, CHINCH) and 5.7-5.9 (1H, m, CH 2 =CH); 

8 cm ^ 15 mz '> CDC1 3 ) 28.58 (CH 2 CH 2 C0), 33.46 (CH 2 C0), 
116.01 (CH 2 =CH), 136.84 (CH 2 =CH) and 179.42 (acid C=0); 

TLC: Rf = 0.25 (solvent system 3; streaky trace); 
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Data on the title lactone:- 






-1 



max 



(film) 1750 cm (lactone) 



fi p(V)R (CDC1 3 ) 1.4 (3H, d, 3 3 Hz, CHj), 2.22 to 2.59 
(4H, m a CH 2 CH 2 C0) and 4.5 to 4.7 (1H, m, H CO ) , 

S cm (CDC1 3 ) 21. D2 (CH 3 ), 29.23 (CH 2 CH 2 C0), 29.75 
(CH 2 CC), 77.73 (HCO) and 178.31 (lactone C=0 ) ; 

TLC: Rf = 0.6 (solvent system 3). 

N.B. The two components were not separated. Due to the 

differences in infrared absorptions, chemical shifts 
and TLC behaviours of thB two compounds, it was pos- 
sible to make the above assignments (IR, NP1R and TLC) 
for each component of the mixture. 

Diethyl 2- ( 2 , 3-epoxypropy 1 )propanedioate (257 ) 






- COoCHoCH, 

C0 2 CH 2 CH 3 



(257) 



The title epoxide was prepared according to the 
general procedure (G) for epoxidation of alkenes as a 
light yellow oil (2.1 g, 9.55 rnmole, 97%)j 

u max (film) 1720 cm" 1 (ester); 

(200 MHz; CDC1 ) 1.1 (6H, 2xt, J = 7 Hz, 2 x 



PMR 



CH 2 CH 3 ), 1.92-2.1 (1H, m, HCHCH), 2.2-2.38 (1H, m, HCHCH), 
2.5-2.58, 2.7 to 2.82 and 2.98-3.1 (3H, 3xm, 3 x epoxide 
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protons), 3.42-3.6 (1H, m, HCHCH) and 4.22 (4H, q, J = 7 
Hz, 2 x CH 2 CH 3 ); 

« CMR (15 FIHz; CDC1 3 ) 14.06 (CH 2 CH 3 ), 31.77 (HCHCH), 
47.33 (HCHCH), 49.15 and 49.93 (2 x epoxide carbon atoms), 
61.78 (0CH 2 CH 3 ) and 169.27 (C=0); 

TLC: Rf = 0.25 (solvent system W)i 

[Found: C, 54. 5J H, 7.0 ; C^H^O,- . 0.3H 2 (221.6) 
requires C, 54.2; H, 7.5^]. 



Diethyl 2- ( 3-azido-2-hvd roxy D ropyl)propanedioate (258 ) 

and ethyl 5-( azidomethyl )-tetrahydro-2-oxo-3-f urancar - 
boxylate (259 ) 

A solution of sodium azide (3.60 g, 56 mmole) uas 
added to a solution of diethyl 2-( 2, 3-epoxypropyl )pro- 
panedioate (11.86 g, 55.0 mmole) in ethanol (50 ml), 
at room temperature. Then the solution uas refluxed for 
22 hours. The resulting golden yellou solution uas con- 
centrated to remove the ethanol. The residue uas partition- 
ed between ethyl acetate and dilute hydrochloric acid. 
The organic layer uas separated, washed, dried and eva- 
porated to leave the title compounds as a broun syrup 
(8.0 g); 

u max (film) 3650 to 3300 (OH), 2100 (N 3 ), 1780 
(lactone C=0) and 1730 cm" 1 (ester ( C=0 ) ; 

fi pp, R (60 HHz; CDC1 3 ) 1.28 (3H, t, 3 = 6 Hz, CH 2 CH_ 3 ), 
1.7-2.8 (3H, m, CH^CH), 3.2-3.65 (2H, m, NCH_ 2 ), 3.9-4.39 
(2H, q, 3 = 6 Hz, 0CH_ 2 CH 3 ), 4.5-4.9 (iH, m, HCU) and 6.5 
(1H, broad singlet, OH); 

TLC: Rf = 0.73 (solvent system L, elongated spot). 
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N.B. The tuo components uere not separated and used in 
the next stage of the synthesis without further 
purification (see p. 257). 

Ethyl 5-(azidomethvl)-tetrahvdro-2-oxo-furancarboxv1ati= 



(259) and 5- ( azid omethyl )dihydro-2 ( 3H )-f uranone (251 ) 





(259) 



(251) 



A mixture of diethyl 2-( 3-azido-2-hydroxypropyl )- 
propanedioate and ethyl 5-( azidomethyl )-tetrahydro-2-oxo- 
3-furancarboxylate (8.0 g) uas dissolved in trif luoroace- 
tic acid (6 ml). After stirring for one hour at room 
temperature, the solvent uas removed under reduced 
pressure to leave a broun gum. The crude product uas 
purified on a silica gel column, eluting uith a mixture 
of petrol ether 40-60° and ethyl acetate (9:1, 4:1 and 
finally 2:1). The fractions containing the faster 
moving spot uere combined and evaporated to leave the 
title furancarboxvl ic ester as a light broun gum (5.0 g, 
23.5 mmole, 45/b)j 

Umax < rilm ) 21°° (N 3 ), 1770 (lactone C=Q) and 1720 
cm (ester C=0)j 

* pm (200 MHz; CDC1 3 ) 1.28 (3H, t, = 6 Hz, CH^), 
2.58 to 2.72 (2H, m, Cj^CHCQ), 2.7B (1H, t, 3 = 4 Hz, CHC0), 
3.4 to 3.7 (2H, m, N C H 2 ), 4.22 (2H, q, J = 6 Hz, OCH^) 
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and 4.6 to 4.78 (1H, m, HCO); 

TLC: Rf = 0.41 (solvent system J). 

Then the column uas eluted uith ethyl acetate. The 
fractions containing the slower running spot uere combined 
and evaporated to leave the title azidolactone (251) as a 
light broun oil (1.67 g, 7.8 mmole, 14%); 

IR & NMR spectra and TLC of this compound uere identical 
uith those measured for the compound prepared previously 
(see p. 249). 

(S)-2,2-dimethyl-1 t 3-dioxolane-4-carboxaldehyde (260 ) 

(A) Using phase-transfer conditions 

The method described by Takano for oxidative 
cleavage of 1 ,2 :5, 6-bis-Q-( 1-methylethylidene)-D-mannitol 
(266) uas used to give the title compound as a light broun 
oil (317 rug, 2.44 mmole, 100%); 

u m „ v (film) 3420 (OH) and 1735 cm" 1 (C=0); 

til a X 

& pm (60 MHz; CDC1 3 ) 1.35 and 1.40 (6H, 2s, CH_ 3 -C-CH 3 ), 
3.5-4.3 (3H, m, CH_ 2 CH) and 9.74 (1H, d, J 2 Hz, CH0). 









(B) Using lead tetraacetate 



The procedure reported by Baer et al a for oxidative 
cleavage of 1 ,2 : 5, 6-bis-0-( 1-methylethylidene)-0-mannitol 
(266) uas folloued to give the title compound as light broun 
oil (491 mg, 3.77 mmole, 77%); both IR and NMR spectra uere 
identical to those reported above. 

1,2;5.6-Bis-0-(l-methvlethvlidene)-D-mannitol (266) and 
1,2:3 t 4:5,6-tris-Q-(l-ip,ethylethylidene)-D-mannitol (267 ) 

The method reported by Chittenden for acetalation of 
D-mannitol uas used. The crystalline residue obtained from 
the reaction uas recrystallized from dibutyl ether to give 



259 



the title diisopropylidene compound as a white solid (5.25 g, 
2B.8 mmole, 42^); 



•p. 115° (lit. 25 m.p. 118-120°); 



,25 



H D +1-17° (C=0.65, H 2 0) [lit. 325 [ a ] D +1.2° (H 2 0)]j 
U max ( NtJ J o1 ) 3 4° D (° H ) and 1735 and 1630 cm' 1 (C-O-C, 



ueak ) ; 



pm (60 PlHzj CDC1 3 ) 1.4 and 1.5 (12H, 2s, 2 x GH--C-CH,), 



2.9 (2H, broad singlet, 2xOH), and 3.6-4.35 (8H, m, 2 x CH 
CHCH); 

6 CNR < 15 {Wz '> CDC 1 3 ) 25.2 and 26.7 (2 x H 3 C-C-CH 3 ), 
75.0 (C-1 and C-6), 77.2 (C-3 and C-4), 79.2 (C-2 and C-5) 
and 109.5 (0-C-O); 

TLC: Rf = 0.75 (solvent system I). 



-2 






The filtrate of above recrystallization was evaporated 

to a small volume and put onto a silica gel column, elu- 
ting with a mixture of 1 , 2-dimethoxyethane and petrol 
ether 40-60° (1:1). The faster running fractions uere 
combined and evaporated to leave the title tri ^sopronyl i - 
dene compound as a uhite crystalline residue (5.17 g, 19.7 
mmole, 28?c); 

m.p. 67° (lit. 260 m.p. 66-68°); 

[ a] Q + 10° (0.5; EtOH) [lit. 260 [a] 23 + 11.3° (C=3.6; 
Et0H)]j 

U max ( Nu J o1 ) 173 8 and 162Q cm -1 (C-O-C); 

&p m (100 HHz; CDC1 3 ) 1.36, 1.38, 1.40, 1.42 (18H, 
4s, 3 x H 3 CCCH 3 ), and 3.62-4.4 (8H, m, 2 x CH CHCH); 

6 Cm (15 mz '> CU C1 3 ) 24.8, 25.2, 25.5, 26.5, 26.7, 
27.5 (6 x CH 3 C), 75.2 and 75.4 (C-1 and C-6), 76.3 and 
76.5 (C-3 and C-4), 79.3 and 79.6 (C-2 and C-5), and 
109.5, 109.8 and 110.4 (3 x 0-C-O); 
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TLC: Rf = 0.9 (solvent system U). 

The slou fractions uere combined and evaporated to 
leave a white crystalline residue, which was identified 
as the diisopropylidene compound. 






„(5)-2 l 2-dimBthyl-4-r( 2. 4-dini t rophenvl )hy drazonol -methyl ) 
-1 i3-dioxolane (268 ) 

(S)-2,2-dimethyl-1,3-dioxolane-4-carboxaldehyde 
(350 mg, 1.2 mmole) uas dissolved in ethanol (6 ml) and 
refluxed with 2, 4-dinitropheny lhydrazine (250 mg, 1.44 
mmole), in the presence of glacial acetic acid (5 drops) 
for two hours. The light orange solid precipitated out 
on cooling uas filtered. This crude solid uas further 
purified by silica gel column chromatography. The 
fractions containing the required product uere combined 
and evaporated to leave the title compound as an orange 
yellou solid (335 mg, 1.08 mmole, 90; D ) ; 
m.p. 83 d ; 

^max ( Nu J' al ) 3280 (NH), 1600 and 1580 cm -1 ( C =N); 

6 pnR (200 MHz; acetone-d 6 ) 1.38 and 1.42 (6H, 2xs, 
2xCH 3 ), 2.82 (1H, d, J * 6 Hz, NH), 4.03 (1H, dd, J = 8 
and 6 Hz, HCH), 4.28 (1H, dd, J = 8 and 6 Hz, HCH), 4.78 
(1H, ABq, J = 6 and 13 Hz, CHC=), 7.96 (1H, d, aromatic 
proton), 8.01 (1H, d, aromatic proton), 8.41 (1H, dd, 
3=3 and 3 Hz, aromatic proton), 8.98 (1H, d, J =3 Hz 
HO); 

6 cm (50 MHz; DNSO-d 6 ) 25.48 and 26.51 (2xCH,), 

o 

66.80 (0CH 2 CH), 75.07 (CHC=), 109.70 (-C=), 116.53, 
122.87, 129.44, 129.82, 137.32, 144.74 (aromatic carbon 
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atoms) and 151.04 (C = N); 

[Found: C, 46.3; H, 6.5; N, 17.5 ; C^H^N^ . 0.2H 2 
(313.9) requires C, 45.9; H, 4.6; H, 17.8;,:]; 

TLC: Rf ■ 0.68 (solvent system T). 

Ethyl (S)-(z)-3-(2,3-dimethyl-1 , 3-dioxolany 1 )-2-pentenoate 

(269 ) 

A solution of diethyl ethoxycarbonylmethylphosphonate 
(849.4 rug, 3.8 mmole) in tetrahy drof uran (1 ml) uas added 
dropwise, to a suspension of 80$ sodium hydride (114.7 mg, 
3.8 mmole) in dry tetrahy drof uran (6.3 ml), under nitrogen. 
Evolution of gas occurred immediately. After stirring 
at room temperature for a further 30 minutes, a solution 
of (3)-2,2-dimethyl-1 , 3-dioxolane-4-carboxaldehyde (490 
mg, 3.77 mmole) in tetrahy drof uran (0.8 ml) uas added, 
slowly. The almost colourless solution gradually be- 
came a suspension. The mixture uas stirred for one hour 
and then diluted uith ethyl acetate and washed uith sat- 
urated sodium hydrogen carbonate solution, brine, dried 
and evaporated to leave a light yellow oil. The crude 
product uas purified by silica gel column chromatography 
to give the title ester as a pale yellow oil (402 mg, 2.0 
mmole, 52%); 

[ajp 5 + 3.02° (C=0.56, CHC1 3 ) [lit. 258c [J Q + 3° 






(C=2.1, CHC1„)]; 



-1 



y (film) 1722 (ester) and 1663 cm (C=C); 
u max **■»•' \ /i 



PMR 



(60 MHz; CDC1-), 1.28 (3H, t, 3 = 7 Hz, CH CH ) , 



2-3' 



3.8 (2H, d, J = 7.8Hz, 0-CH 2 CH), 4.25 (2H, q, 3 = 7 Hz), 
4.7 (lH,tdd, 3 = 7.8, 8 and 2.6 Hz U-CH 2 CH), 6.5 (1H, dd, 
J = 2.6 and 20 Hz, =CHC0), 7.0 (1H, dd, J = 20 and 8 Hz, 
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HC=C); 

5 CWH (15 MHz; CDC1 3 ) 14.1 (CH 2 CH 3 ), 25.7 and 26.4 
(H 3 C-C-CH 3 ), 60. 6 (0CH 2 CH 3 ), 68.9 (0CH 2 CH), 76.5 (-CH0), 
110.4 (H 3 C-C-CH 3 ), 122.7 (=C-C0), 144.9 (C=CC0) and 166.3 
( C=0 ) ; 

[Found: C, 59.8; H, 7.8; C 1Q H ig 4 (203.3) requires 
C, 60.0; H, 8.1,]; 

TLC: Rf = 0.74 (solvent system L). 






Ethyl (5)-4.5-dihydroxy-pentanoate (271) and (S)-dihydro - 
5-(hydroxymethyl)-2(3H)-furanone (228 ) 

10,* Palladlum-on-charcoal (196 mg) uas added to a 
solution of ethyl ( S)- (Z )-3-( 2, 2-dimethy 1- 1 , 3-dioxolan- 
4-yl)-2-pentenoate (196 mg, 0.97 mrnole) in ethanol (10 
ml). The mixture uas hydrogenated under an atomsphere 
of hydrogen for 30 minutes, when the uptake of hydrogen 
became sluggish. After degassing the suspension uas 
filtered. The filtrate uas evaporated to leave an 
almost colourless oil (147 mg). NMR spectroscopy in- 
dicated some of the isopropy lidene protecting group uas 
lost during the operation. Thus the mixture uas dissolved 
in trifluoroacetic acid (2 ml) and stored at room tem- 
perature for 30 minutes. Then the solvent uas removed 
under reduced pressure to leave a yellou oil, uhich uas 
further purified by column chromatography to afford the 
title lactone (228) as a light yellou oil (110 mg, 0.95 
mm Die , 98',."') ; 

[a] D + 33.1° (C=0.56; EtOH), [ a ] Q uas similar to 
that prepared by a different route (see p. 241); 
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IR spBctrum uas identical uith the hydroxy lactone 
(228) prepared from L-glutamic acid (see p«24l)s 

$„ m (20G RHiJ CDC1 3 ) 2.02-3.8 (1H, m, HCHCHgCO), 

4.02 (1H, m, OH), 2.5-3.4 (3H, m, HCHCH_ 2 C0), 3.62 (1H, 
2xd, 3 = 2.5 Hz, H0CH 2 ), 3.90 (1H, 2xd, J = 2.5 Hz, HQCH 2 ) 
and 4.62 (1H, m, HCO) . 
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Preparations of a -aminomethyl-y-butyrolacton 



es 



Dihydro-3-(hvdroxvmRt hylene)-2(5H)-furanons (sodium salt ) 
1156) 




(144) 



son. 



(296) 

The synthesis of the title compound from butyrolactone 

uas carried out using the method described by Hutchin- 
277 

The title salt uas isolated as a creamy amorphous 



powder (6.4 g, 46.8 mmole, 81,'); 

U max ( Nu J o1 ) 16 9D (C=D) and 165D cm" 1 (C=C); 

6 p|¥]R (D 2 D + TSP) 2.6-3.1 (2H, m, CH 2 CC=0), 3.5-3.8 
(1H, m, HCC=0, aldehydic form), 4.2-4.6 (2H, m, CH -0) 
and 8.55 (1H, s, HC=D and =- u ) ; 

& cm (15 NHz; D 2 + dioxane) 24.4 (CH 2 CC=D, enolic 
form), 29.1 (CH 2 CHC=0, aldehydic form), 34.8 (CHC=0, 
aldehydic form), 62.3 (CKj-O), 94.2 (^C=, enolic form, 

172.1 CC=CC=Q, enolic form), 173.1 (lactone C=D) and 

181.2 (aldehyde C=0); 

TLC: Rf = 0.5 (after acidification with acetic acid; 
solvent system E). 



. A mixture of the aldehydic and enolic forms was 
observed in deuterium oxide solution, in both PMR 
and C?]R. It uas assumed the "salt" uas still in 
the free enol state. 
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Dihydro-3-f (dimethylamino)methyl]-2(3H)-furanone (289 ) 

277 
The method described by Hutchinson uas fallowed. 

Thus dihydra-3-(hydroxymethylene)-2(3H)-furanone sodium salt 
(5.0 g, 36.8 mmole) reacted with dimethylammonium hydro- 
chloride (5.98 g, 73.5 mmole), in the presence of sodium 
cyanotrihydroborate (4.6 g, 73.2 mmole) to give the 
title amine , an almost colourless oil, after column chro- 
matography (2.53 g, 17.67 mmole, 48%); 

u (film) 1785 cm" 1 (lactone C=0); 
max v ' 

6 (200 PJHzj CDC1 3 ) 2.18-2.4 (1H, m, HCHCC=0), 
2.42-2.65 (1H, m, HCHCC=0), 2.58 and 2.60 (6H, 2xs, 2xCH 3 ), 
2.70-2.84 (2H, m, CH 2 N), 3.01-3.05 (1H, m, CHC=0), and 
4.20 to 4.5 (2H, m, CH 2 ~0); 

6 cm (15 MHz; CDC1 3 ) 27.73 (CH 2 CHCG), 34.32 (2 x NCH 3 ), 
43.81 (CHC0), 52.21 (CH 2 l\l), 68. 6B (CH 2 ~D), and 177.08 (C=0); 

TLC: Rf = 0.15 (solvent system D) . 






Dihydro- 3- [(dimethyl amino )methyl]-2(3H)-furanone t hydro - 
chloride (299a ) 

Concentrated hydrochloric acid (1.5 ml) uas added 
to a solution of dihydro-3- [ ( dimethylamino )methyl] -2( 3H)- 
furanone (1.52 g, 10.6 mmole) in methanol (10 ml). After 
standing at room temperature for one hour, the solution 
uas concentrated to leave a semi-solid syrup, which uas 
triturated with diethyl ether to leave the title hydro - 
chloride as a white solid (1.51 g, 8.45 mmole, 80%); 

m.p. 185° (lit. 277 m. p. 190-190.5°); 



+ - 



u max 



(Nujol) 3650-2100 (H C + NHCl), and 1760 c 



-1 



in 



(lactone C=0); 
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5 nmo (200 i"lHz; D„0) 2.02-2.4 (1H, m, HCHCC=G), 2.60- 
2.90 (1H, m, HCHCC=0), 2.64 and 2.67 (6H, 2xs, 2xCH 3 ) and 
3.0-3.5 (3H, m, NCH 2 CHC=0); 

8~« Q (50 MHz; D o + dioxane) 27.66 and 30.84 (CH„CHC=0), 
35.31 and 37.12 (2 x NCH 3 ), 42.58 and 44.16 (CHC=0), 51.2 
(CH 2 N) f 65.06 and 68.71 (CH 2 -G), 170.10 and 180.08 (C=0); 

N.B. Both lactone (299a) and open-chain form (299b) were 
observed, especially in deuterium oxide solution. 
It uas clearly defined in the CFIR spectrum. 



Dihydro-3-ff(2 > 4-dinitrophenyl)hydrazono] methyl] -2(3H)- 
furanone (300 ) 

The general procedure (i) for preparation of hydra- 
zones uas used to give the title compound as an orange 
colour solid (901 mg, 3.1 mmole, 84%); 

m.p. 94°; 

„ (Nujol) 3340 (NH), 1770 (lactone), 1620 and 
"max ' J ' \ /» \ » 

1580 cm -1 (C=l\l); 

6 pf(]R (60 MHz; DriSDd 6 ) 2.0-2.9 (3H, m, CH 2 CHC0), 4.0- 
4.6 (CH 0), 8.1, 8.3 and 8.9 (3H, aromatic protons); 

•SCMR ^ 5 mz; mSOdS ) 25 - 9B (£H 2 CHC0), 35.2 (CHC0), 
67.25 (CH 0), 116.5, 123.0, 129.9 137.3, 144.8 and 148.9 
(6 x aromatic carbon atoms), 149.2 (C=N) and 175.6 (C=0); 

[Found: C, 43.6; H, 3.5; N, 20.2 J C ii H iq N 4°6 ' D * 1 
HO (296.0) requires C, 44.6; H, 3.4; N, 1B.9$Jj 

TLC: Rf = 0.7 (solvent system H). 
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Dihydro-3- (hydroxy methyl) -2 (3H)-furanone (301 ) 






A solution of dihydro-3-(hydroxymethylene)-2( 3H)- 
furanone sodium salt (1.0 g, 7.4 mmole) in water (3.0 ml) 
uas neutralized uith 10°i hydrochloric acid solution until 
pH 7. The solution uas added dropuise to a rapidly stirred 
suspension of sodium tetrahydridoborate (1B2 mg, 4.3 mmole) 
in ethanol (5.0 ml), at . After the addition, the react- 
ion mixture uas stirred at room temperature for 30 minutes. 
Then the excess reducing agent uas destroyed by the addit- 
ion of dilute hydrochloric acid until the pH of the react- 
ion mixture uas 2. The resulting clear solution uas eva- 
porated to dryness. The residue uas dissolved in trichloro- 
methane and uashed uith brine. The organic layer uas se- 
parated, dried and evaporated to afford the title alcohol 
as a pale yellou oil (0.47 g, 4,1 mmole, 55|'); 

u (film) 3400 (OH) and 1740 cm" (lactone); 
max v ' v ' v '• 

<S pnR (60 MHz; CDC1 3 ) 1.B-3.0 (3H, m, CH CHC0), 3.3 
(1H, s, OH), 3.45-3.95 (2H, m, CH 2 0H) and 4.0-4.45 (2H, 

m, CH 2 0); 

5 Cf'1R ^ 15 |ViHzJ CDC1 3) 25,1 (£H 2 CHCU), 41.9 (CHCD), 
61.5 (CH 2 0H), 67.4 (CH 2 0) and 179.4 (C=G); 

TLC: Rf = 0.16 (solvent system D); Rf = 0.6 (solvent 
system A). 



3- [(Benzoyloxy) methyl] dihydro-2( 3H)-f uranone (302 ) 



The general procedure (F) for the 0-benzoylation uas 
used uith the alcohol (301) to give the title compound as 

a light broun liquid (201 mg, 0.92 mmole, 535*}; 
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max 



(film) 1770 (lactone) and 1720 cm (ester); 



S pm (60 MHz; CQC1 3 ) 2.0-2.7 (2H, m, CH 2 CHC0), 2.8- 
3.3 (1H, m, CHCO), 4.1-4.55 (2H, m, benzoyl C H ) and 
4.5-4.8 (2H, m, lactone CH„U); 

5 Pjvjr (200 MHz; CDC1 3 ) 2.18 to 2.99 (1H, m, HCHCHC=0), 

2.41 to 2.59 (1H, m, HCHCHC=0), 2.97 to 3.11 (1H, m, CHC=0 ) , 
4.21 to 4.36 (1H, m, HCH-0), 4.36 to 4.50 (1H, m, HCH-0), 
4.58 and 4.77 (2H, dABq, 3 5.8 and 4 Hz, CH 2 -U Benzoate), 

7.42 to 7.50, 7.2 to 7.82 and 7.99 to 8.03 (5H, m, aromatic 
protons); 

& cm (15 MHz; CDC1 3 ) 25.9 (CH 2 CHCG), 39.4 (CHCu), 
63.1 (benzoyl CH 2 0), 66.8 (lactone CH 0), 128.7, 129.8 
and 133.5 (6 x aromatic carbon atoms), 166.5 (benzoyl C=G) 
and 176.7 (lactone C=0); 

[Found: C, 65.4; H, 5.8; C 12 H 12 4 (220.2) requires 
C, 65.4; H, 5.5^]; 

TLC: Rf = 0.75 (solvent system N). 



Dihydro-3-fr[f4-m ethvlDhenvl)sulDhonvl]oxy1methvl1-2(3H)- 

furanone (303 ) 



The general procedure [(l_), conditions (i)] for 
D-sulphonation was used uith compound (301 ) to give the 
title su lphonate a light yellou oil, uhich solidified 
on standing (517 mg, 1.92 mmole, '\6%); 



m.p. 75-77 ; 




-1 



U max ( film ) 1770 (lactone), 1358 and 1158 cm"' (S=0); 

fi p( ^ R (60 MHz; CDC1 3 ) 2.0-3.3 (3H, m, CHjCHCO), 2.5 
(3H, s, ArCH 3 ), 4.1-4.7 (4H, m, 2 x CH 2 0), 7.45 and 7.85 
(4H, 2xd, 3 = 8 Hz, aromatic protons); 

S mR (15 MHz; CDC1 3 ) 21.74 (ArCH 3 ), 25.5 (CH CHCO), 
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39.5 (CHCO), 66.99 (sulphonate CH 2 0), 68.36 (lactone C H ) , 
128. 2, 130.3, 132.4 and 145.6 (6 x aromatic carbon atoms) 
and 175.6 (C=0); 

[Found: C, 53.4; H, 5.4; C^H^OgS (270.3) requires 
C, 53.3; H, 5.2?']; 

TLC: RT = 0.7 (solvent system H); Rf = 0.5 (solvent 

system I ) . 



3-Cyano-dihydro-2(3H)-furanone (306) and 2-cyano-4-hydroxv - 
butanoic acid (307) 










C=N 



Q- 




HO 



CEN 



OH 



(306) (3Q7) 

Sodium cyanide (449 mg) uas added to a stirred solution 
of 3-bromodihydro-2(3H)-furanone (1.0 g, 6.3 mmole) in N,N- 
dimethylformamide (10 ml). The resulting mixture uas stir- 
red at room temperature for 3 days. Then the suspension 
uas diluted with ethyl acetate and uashed thoroughly uith 
uater. The organic layer uas separated, dried and evapo- 
rated to leave the title compounds as a broun oil (0.70 g, 
6.3 mmole, 100$) J 

Umax ( filrn ) 3500 ( u ' 4 )» 2250 (C=N, very ueak), 1770 
(lactone C=D) and 1720 cm" 1 (acid C=0); 

fipNR ( 60 ^Hz; CDC1 3 ) 2.3 to 3.0 (2H, m, CH 2 CHC=0), 
3.05 to 3.5 (1H, m, CHCsN) and 4.2 to 4.7 (2H, m, CH -0); 

Spm (200 MHz; CDC1 3 ) 1.7 (1H, broad s, UH ) , 2.38-2.7 
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(1H, m, HCHCC=0, lactonic form), 2.62-2.9 (2H, m, CH 2 CC=0; 
open-chain form), 2.8-3.2 (1H, m, HCHCC=0, lactonic form), 
3.05-3.32 (1H, m, CHC=N, both forms), 4.21-4.42 (1H, m, 
HCH-U, lactonic form) and 4.42-4.7 (2H, m, HCH-0 and CH -GH, 
lactone and open-chain form); 

6 CriR ( 15 |V1Hz; CDC1 3^ 2 6 * 3 6 (£H 2 CC=0, open-chain), 
31.77 (CH CC=G, lactonic), 43.22 (CHC=0, open-chain), 43.61 
(CHOO, lactonic), 66.53 (CH 2 ~0, lactonic) 66.92 (CH 2 -0H, 
open-chain), 115.88 and 116.14 (C=i\lj both f orrns ) , 1 69 .59 
(acid C=0) and 173.82 (lactone C=0); 

[Found: C, 51.5; H, 4.7; H t 6.0 J C 5 H 5 NU 2 . 0.4H 2 U 
(118.3) requires C, 50.8; H, 4.9; N, 11.B#]j 

TLC: Rf = 0.2 (solvent system J). 



.8. Both lactonic and open-chain forms uere produced. 
The CMR spectrum showed signals for both compounds. 
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Preparations leading to some bicvclic lactones 



Phenylmethyl 3-pyrr oline-1 -carboxylate (312) and phenvl- 
methyl pyrrolidine- 1-carboxylate (313 ) 



o 



OCH 2 Ph 

(312) 




OCH 2 Ph 



(313) 






The general procedure (m) for the introduction of 
benzyloxycarbonyl-protecting group uas followed. Thus 
the title compounds (312) and (313) uere prepared from 
3-pyrraline and pyrrolidine (suppled by Aldrich Chemical 
Co. Ltd., as a mixture of the tuo compounds, in a ratio 
of 75:25; 1.0 g, 14,5 mmole), as a light brown oil (2.95 g, 
14.5 mmole, 1Q0^)j 

u max ( film ) 1695 (N-CO) and 1610 cm' 1 (C=C); 
I $ pm (200 MHz; CDC1 3 9 1.8-1.9 (4H, m, CH 2 CH 2 , pyrro- 
lidine); 3.3-3.5 (4H, m, 2 x CH_ 2 N, pyrrolidine), 4.2 (4H, 
s, 2 x CH 2 N, 3-pyrroline), 5.13 (2H, s, CH 2 Ph, pyrrolidine), 
5.16 (2H, s, CH 2 Ph, 3-pyrroline), 7.36 (5H, m, CH 2 p_H, py- 
rrolidine) and 7.42 (5H, m, Ch^Ph, 3-pyrroline); 

6cm (15 NHzj CDC1 3 ) 25.26 (CH 2 _CH 2 , pyrrolidine), 
46.09 (CH 2 N, pyrrolidine), 52.99 and 53.51 (2 x CHUN, 3- 
pyrroline), 66.66 (CH 2 Ph, pyrrolidine), 66.86 (CH , 3-py- 
rroline), 125.97 (C=C, 3-pyrroline), 128.12, 128.70, 129.09, 
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129.55, 137. 3D and 137. 5D (aromatic carbon atoms, both 
compounds) and 154.94 (C=Q)j 

TLC: Rf a 0.65 (solvent system 0). 



Phenylme thyl 6-oxa-3-azabicycla[ 3 . 1 .o] hexane-3-carboxvlat 
(314) 



ate 





3 c=o 



0CH 2 Ph 



(314) 
The title compound uas prepared from phenylmethyl 3- 
pyrroline-1-carboxylate (3.06 g, 15.1 mmole) by the gen- 
eral method (G) for the epoxidation of alkenes. The 
product uas obtained as a pale broun gum (1.37 g, 6.25 
mmole, 42^); 

»— «. (film) 1690 (carbamate C=0) and 740 cm" 1 (epoxide); 



max 



6 pm (200 RHzj CDC1 ) 3.38 (1H, d, J = 2 Hz,./^CH 9 C=0), 

o 

3.43 (1H, d, 3 = 2 Hz, J ^_VCH 2 WC=0), 3.B4 (2H, d, = 9 Hz, 
CH 2 rO, 3.93 (2H, d, 3 = 9lz, CH 2 NC=0), 5.12 (2H, s, CH 2 Ph) 
and 7.38 (5H, m, aromatic protons); 

6 C(V|R (15 MHz; C0C1 3 ) 47.26 (CH 2 N), 47.52 (CHNC=u), 
54.94 (A), 55.53 ( A^CH 2 NC=0), 67.12 (CH 2 Ph), 128.12, 
128.31, 128.44, 128.70 and 130.20 (aromatic carbon atoms) 
and 155.66 (C=0); 

TLC: Rf = 0.30 (solvent system 3). 
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py rroli - 



Diethyl r4-hydroxv- 1-r(phenvlfnetho?<v)carbonvl1-3~ 
dinyll propanedioate (315 ) 



The general method (H) for the ring-open reaction 
of epoxide with diethyl 2-sodiopropanedioate was used. 
Thus the title hydroxy R.st.Pr was prepared from phenylme- 
thyl 6-oxa-3-azabicyclo[3.1.0]hexane-3-carboxylate (2.94 g, 
13.4 mmole) as a broun syrup (1.12 g, 2.96 mmole, 22%)t 

u max (Film) 34DQ COH), 1710 (ester C=0 ) and 1680 -m" 1 
(carbamate C=0)j 

6 pm (200 PlHz; CDC1 3 ) 1.28 (6H, t, 3 7.6 Hz, 2 x 
DCH 2 CH 3 ), 2.62-2.82 (1H, m, CHCH( C0 2 Et ) ? ) , 3.18-3.5 



(*H, m, 2 x CH 2 N), 3.7-3.9 (2H, m, HOCH and HC(CG 2 Et) 2 ), 
4.2 (4H, 2q, 3 7.6 Hz, 2 x 0CH_ 2 CH 3 ), 5.12 (2H, s, CH_ 2 Ph) 
and 7.37 (5H, m, aromatic protons); 

6 cpiR (15 HHzt C0C1 3 ) 13.99 (0CH 2 CH 3 ), 44.72 and 45.33 
(CHC(CU 2 Et) 2 , 47.91 ( C( CO^t ) ? ) , 52.47 and 53.19 (CH 2 N), 
62.04 (0CH 2 CH 3 ), 67.12 (CH^h), 72.13 and 72.91 (CH0H), 
128.05, 128.25, 128.70 and 136.84 (aromatic carbon atoms), 
155.14 (carbamate C=G ) , 168.29 and 168.88 (ester £»Q)j 
I [Found: C, 59.8; H, 6.4; N, 4.0; C ig H 25 N0 ? (379.4) 
requires C, 60.1; H, 6.6; N, 3.7%\; 

TLC: Rf = 0.75 (solvent system H). 



Phenylmethyl 1 t 2 T 3 . 6-tetrahydrony r i Hi n e-1-carboxy 1 at ,p f ^O 

5 rS a ■ 

C-0 • 
0CH 2 Ph 

(326) 
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This compound uas prepared from 1 , 2, 3, 6- tetrahydro- 
pyridine (1.0 g, 12.03 mmole) using the general procedure 
(H) for the introduction of benzyloxycarbonyl-protecting 
group. The title compound uas obtained as a colourless 
oil (1 .8 g, 8.3 mmole, 69%) j 

u max ( film ) 16 80 (carbamate C=0) and 1635 cm" 1 (C=C); 
5 p ^ ]R (200 PIHz; CDC1 3 ) 2.02-2.2 (2H, m, CH^N), 3.56 
(2H, t, 3 = 6 Hz, CH 2 CH 2 N), 3.96 (2H, an apparent qnt, 
2 = 3 Hz, =CCH 2 N), 5.16 ( 2 H , s, CH_ 2 Ph), 5.52-5.71 (1H, 
m, =CHCH 2 ), 5.72-5.88 (1H, m, =CHCH 2 NC=0) and 7.23-7.4 
(5H, m, aromatic protons); 

6 cm (15 MHz; CDC1 3 ) 25.06 (CH 2 CH 2 N), 40.49 (CH^N), 
43.55 (=CHCH 2 N), 67.06 (CH 2 Ph), 124.41 (=CHCH 2 CH 2 N ) , 125.45 
(=CHCH 2 N), 128.12, 128.71, 137.17 (aromatic carbon atoms) 
and 155.73 (C=0); 

[Pound: C, 69.1; H, 6.6; H, 6.0 ; C^H^NO,, . 0.5H 2 
(226.3) requires C, 69.0; H, 7.1; N, 6.2;,]; 
TLC: Rf = 0.65 (solvent system J). 



Phenylmethyl 7-oxa-3-a zabicyclor 4 . 1 . O] heotane-3-carboxvlat, 
(330 ) 






6/0 

5 ii 1 

0CH 2 Ph 

(330) 
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The title epoxide uas prepared from phenylmethyl 

1»2,3,6-tetrahydropyridine -1-carbnxvl ato ( 1 nt; r, /, ac ■. \ 

' ca ruoxyiatB VT.U5 g, 4.86 mmole) by 

general method (G) for epoxidation of alkenes. The 
product uas obtained as a light yellow oil (0.89 g, 
2.67 mmole, 55,..-) ; 

u max ( film ) 16 ?5 (carbamate C=0 ) and 740 cm" 1 (epoxide); 

■ S pm (200 (V|Hz; C3C1 3 ) 1.82-2.18 (2H, m, CH 2 CH 2 N), 
3.1-3.3 (2H, m, H^2>^H), 3.41-3.78 (2H, m, CH.CH-N), 
3.79-4.03 (2H, m, CH 2 N), 5.13 (2H, s, C^Ph) and 7.3- 
7.5 (5H, m, aromatic protons); 

6 Cm (5D m ** CDC1 3 ) 23.82 and 24.28 (CH 2 CH N), 
37.50, 38.67, 42.51 and 43.88 (2 x CH^), 50.06, 50.52, 
52.40 and 53.12 (CCt), 67.25 and 68.81 (Ch^Ph), 128.05, 
128.18, 128.70, 129.88, 135.41 and 136.84 (aromatic carbons), 
153.38 and 155.66 (carbamate C=0); 

■ [found: C, 63.8; H, 6.0; N, 5.3 ; C 13 H 15 N0 3 . 0.5H 2 
(243.3) requires C, 64.5; H, 6.6; N, 5.7;]; 

TLC: Rf = 0.15 and 0.18 (solvent system J). 






wo 



N.B. TLC and 13 C-Nn R analysis indicated a mixture of t 
isomers, in a ratio of ca. 1:2. 

Diethyl 3,4-pyridinedicarboxvlate (337 ) 

To 3,4-pyridinedicarbaxylic acid (7.6 g, 45.5 mmole) 
in ethanol (64 ml) at 0°, concentrated sulphuric acid 
(16.5 ml) uas carefully added, and the mixture uas heated 
under reflux for 24 hours. After cooling, water (10 ml} 
uas slowly added to the dark brown reaction mixture. It 
uas then neutralized with solid sodium hydrogen carbonate. 
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The mixture was extracted with ethyl acetate. The organic 
layer was separated, washed, dried and evaporated to leave 
the title diester as a brown oil (10.2 g, 45.5 mmole, 100*)| 

(film) 1720 cm" 1 (ester C=0 ) ; 

(200 flHz; CDC1 ) 1.4 (6H, 2xt, J - 7.6 Hz, 2 x 



u 



max 



5 n 



nr 



0CH 2 CH 3 ), 4.42 (4H, 2xq, 3 = 7.6 Hz, 



2 x 0CH 2 CH 3 ), 7.51 



(1H, d, = 6 Hz, C-5H), B.85 (1H, d, 3 = 6 Hz, C-6H) 

and 9.03 (1H, s, C-2H); 

« (50 MHzJ CDC1-) 14.01 and 14.10 (2 x CCH^), 
"CPIR "- 1 

62.08 and 62.37 (2 x OCH^), 121.85 (C-5), 125.47 (C-3), 

140.63 (C-4), 150.41 (C-2), 152.69 (C-6), 165.16 and 166.27 

(2 x ester C=0)j 

TLC: Rf = 0.43 (solvent system 3). 



^rt.hnxvcarbo ny-4-pYridinerarhnxylic aciri (338) and 4- 
Rt.hnxvcarbon Y i-^-PY ridinprairhnxYl1c: aCid (339) 




C0 2 Et 



C0 2 Et 
^k.C0 2 H 



N 

(339) 



Diethyl 3,4-pyridinedicarboxylate (12.36 g, 55.5 mmole) 
was suspended in water (104 ml) and a solution of sodium 
hydroxide (2.22 g, 55.5 mmole) in water (23 ml) was added. 
The resulting solution was stirred at room temperature 
for 1.5 hours. Then the mixture was acidified to P H 1 
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with cd 



ncentrated hydrochloric acid. The solvent uas 



removed and the residue uas ex 



tracted uith boiling tetra- 



hydrofuran. The organic layer uas evaporated to give the 
hh h n.rboxv-esters as a light broun solid (8.41 g, 43.1 

mmole, 78a); 

295 / 

m.p. 125-160° [not recrystallized; lit." m.p. (of 

4-ester) 131°]; 

U (Nujol) 3250 to 2500 (OH), 1725 (ester 0=0) 
max 

1590 cm" 1 (C=C and C=N); 

I (200 PlHz; DM50-d 6 ) 1.3 (3H, t, 7.6 Hz, OCH^, 
3-carboxy), 1.32 (3H, t, 3 = 7.6 Hz, OCH^, Y-carboxy), 
4.43 (2H, q, 3 = 7.6 Hz, OCH^), 7.62 (1H, d, 3 = 4.6 Hz, 
C-5H, 3-carboxy), 7.68 (1H, d, 3 = 6 Hz, C-5H, y-carboxy), 
8. 9 "(1H, d, 3 = 6 Hz, C-6H), 8.97 (1H, s, C-2H, y-carboxy) 
and 9.02 (1H, s, C-2H, B -carboxy); 

8 (50 KHz; DF.SO-d 6 ) 13.70 (OCH^), 61.64 (OCHjCHg), 
121.99 (C-5), 125.42 (C-3), 140.82 (C-4), 149.26 (0-2), 
152.81 CC-6), 165.22 (C0 2 H) and 167.02 CfiPjEtJl 

TLC: Rf = 0.1 (solvent system 3, streaky trace): 



N.B. NWH indicated a mixture of the Y- and S-carboxy isomers, 
in a ratio of ca. 9:1. 



^Hvriroxvmef.h Y n-4-ovri H iner.arboxyl.ir acid (340a) and 
A-(hvdrDXvmeth Y n-3-PVri HinRc a rboxv]in acid (340b ) 

A mixture of 3-ethoxycarbony 1-4-pyridinecarboxylic 
acid and 4-ethoxycarbonyl-4-pyridin.ecarboxylic acid (4.23 g, 
21.8 mmole) uas dissolved in tetrahydrof uran (170 ml) and 
stirred in an ice-bath. The mixture uas treated uith 
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lithium tetrahydridoaluminate (1.47 g, 38.7 mmole), portion- 
wise, over 7 minutes and then stirred for a further 4 minutes 
To the suspension was added water (4 ml), dropuise, care- 
fully, to destroy the excess reducing agent. Then the 
mixture was stirred at room temperature for one hour. 
The solid was filtered and the filtre-cake was further 
extracted with more water. The aqueous filtrate and 
washings were combined and evaporated to a small volume, 
which was acidified to pH 2. The reddish-brown solution 
uas evaporated to leave the title hydroxy-acids as a light 
brown gum (3.34 g, 21.8 mmole, 80%); 

u max (film) 3700 to 2300 (OH), 1710 (C=0) and 1620 
cm" 1 (C=C, C=N and OH); 

$ pm (60 FIHz, D 2 + T5P) 5.02 (2H, s, CH 2 0), 8.25 
(1H, d, 3 = 6 Hz, C-5H), 8.85 (1H, d, 3 = 6 Hz, C-6H), 
9.02 (1H, s, C-2H); 

tCMR ^ 15 hHz; D 2° + dioxane ) 58.59 and 60.48 (CH OH) 
116.79 (C-5) 124.15 (C-3), 138.4 (C-4), 141.07 (C-2), 149.1 
(C-6) and 161.32 (CQ 2 H). 



ruror3.4-Clpyridi n-l(3H)-one (335) and Furof 3, 4-Cl -pyridin- 
3(lH)-one (336 ) 





(335) 



(336) 
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A mixture of 3-(hydroxymethy l)-4-py ridinecarboxylic 

acid and 4-( hy droxymethyl )-3-pyridinecarboxy lie acid (3.3 g, 

21.5 mmole) was dissolved in a mixture of water (50 ml) 

and tetrahydrofuran (50 ml). To the solution was added 

N,N'-dicyclohexylcarbodiimide (6.0 g, 29.1 mmole). The 

mixture was stirred at room temperature for 2 days. 

Then it was concentrated and filtered. The filtrate 

was concentrated to leave a gummy solid. The crude 

product was purified on a silica gel column (35 g), eluting 

uith ethyl acetate and then a mixture of ethyl acetate 

and ethanol (2sl). Fractions containing the required 

product were combined and evaporated to leave the title 

lactones as a pale brown solid (396 mg, 2.94 mmole 10%)l 
■ ■ -1 . 



max 



(film) 1760 (lactone C=0) and 1600 cm (C=C 



and C=N); 

I (200 NHz; CDC].,) 5.38 and 5.46 (2H, 2xs, CH_ 2 0), 

O P(V]R v J 

7.52 and 7.02 (1H, 2xd, = 6 Hz, C-7H), 8.9 (1H, d, 3 = 6 
Hz, C-6H), 8.98 and 9.2 (1H, 2xs, C-4H); 

6 , (50 FlHz; CDCiJ 68.88 and 69.29 (CH^) 117.53 
and 118.84 (C-7), 120.54 and 133.42 (C-7b), 140.42 and 
145.12 (C-7a), 147.23 and 148.04 (C-4) 149.88 and 153.24 
(C-6) and 169.36 (lactone C=0 ) J 

TLC: Rf = 0.24 and 0.36 (solvent system H), Rf = 0.38 
and 0.55 (solvent system F)j 



N.B. Almost equal amount of both isomers by NMR and TLC 
analysis . 
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8-0xa-3-azabicvclo[ 4 .3 . 0*1 nonan-7-one hy drochloride (341) 
and 8-oxa-3-azabieycloU.3.0'ln onan-9-one hydrochloride 

(342) 



o 7 8 

J A-HCI 




(341) (342) 

The general procedure (J) for hy drogenation (using 
platinum oxide for 24 hours) of unsaturated compounds 
was used. Thus a mixture of f uro[3 , 4-C] py ridin-1 ( 3H)- 
one and f uro [3,4-C] py ridin-3( 1 H )-one (336 mg, 2.49 mmole) 
uas reduced cataly tically to give the title salts uere 
obtained as a semi-solid gum (0.45 g, 2.56 mmole, 103;,); 



-1 



max 



(film) 36Q0 to 2200 (NH 4 Cl) and 1740 cm (lac- 

tone O0)| 

6pm (200 MHzJ D 2 + T5P) 1.4-2.4 (3H, ft, C-1H, C-5H 
and C-6H), 2.8-3.5 (4H, m, C-2H and C-4H), 3.5-3.81 (2H, 
m, C-7H a and C-9H a , C-1H and C-6H), 4.1-4.28 and 4.4-4.32 
(1H, m, C-7H b and C-9H D ); 

t (50 MHz: D„0) 21.46 and 25.40 (C-5), 29.75 and 

32.59 (C-1 + CH 2 and C-6 + EHj), 39.07 and 39.89 (C-1 + 
C=D and C-6 + C=G ) , 42.40, 43.89, 44.68 and 45.46 (C-2 
and C-4), 72.53 and 75.51 (CH 2 u), 180.84 and 182.27 (lac- 
tone C=0); 

TLC: Rf = 0.3 (solvent system H, streaky trace). 
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3-Benzoyl-B-ox3-3-azabicyclof'4.3.0'lnQnan-7-orie (343) and 
3-ben zoy l-8-oxa-3-azabi eye 1 of 4.3.0] nonan-9-one (344 ) 

The title benzoates were prepared from a mixture of 
8-oxa-3-azabicyclo[4.3.0] nonan-7-one hydrochloride and 
8-oxa-3-azabicyclo[4.3.0] nonan-9-one hydrochloride (0.40 g, 
2.25 mmole) by the general method for N-benzoylation of 
ammonium salts. The products were purified and separated 
by column chromatography. The faster moving spot was ten- 
tatively assigned as 3-benzoyl-8-oxa-3-azabicyclor4.3 . 0l 
nonan-7-one. a light brown gum, with a yield of (0.13 g, 
0.51 mmole, 23^); 

u max ( CHBr 3 ) 177 ° (lactone C=U ) and 163D cm" 1 (amide); 

&pm (200 FIHz; CDC1 3 ) 1.7-2.3 (2H, m, C-SH), 2.5-3.2 
(5H, m, C-1H , C-2H, C-4M or C-6H ), 3.5-3.7 (1H, m, C-1H 
or C-6iJ) 4.1-4.7 (2ri, m, CH 2 U) and 7.3 to 7.5 (5H, m, aro- 
matic protons); 

6 Cm (50 l1Hz; CDC 1 3 ) 22.54 (C-5), 34.47 and 34.57 
(C-2 and C-4), 37.93 (C-1 and C-5), 69.15 (W ? 0), 126.79, 
128.60, 129.99, 135.34 (aromatic carbon atoms), 170.70 
(amide 0=0) and 177.01 (lactone C=0); 

mass spectrum: M/Z 245 (M + ); 

[round: C, 65.9; H, 6.0; N, 5.3 ; C-.hV NO, . 0.5H„0 
(254.3) requires C, 66.1; H, 6.3; N, 5.5':,]; 

TLC: Rf = 0.41 (solvent system H). 



3 " 2" 



The slower moving spot uas isolated as a yellow syrup, 
which was assigned to be 3-ben zoy l-G-oxa-3-azabicyclor 4. 3 . 0] 
nonan-9-one (n.n g , 0,44 mrno le, 2 0%) ; 

u mgx (CHBr 3 ) 1780 (lactone C=0 ) and 163 cm" 1 (amide); 
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6 pm (200 RHz; CDC1 3 ) 1.5-1.82 (2H, m, C-5H), 1.83 
to 2.02 (1H, m, C-6H), 2.6-2.93 (4H, m, C-2H and C-4H), 
3.35 (1H, dd, J = 5 Hz, C-1H), 4.05 (1H, d, = 7.6 Hz, 
HCHO), 4.30 (1H, dd, 3 = 5 Hz, HCHO) and 7.3 to 7.5 (5H, 
m, aromatic prtons)j 

6 cm (50 MHz; C0C1 3 ) 26.40 (C-5), 33.72 and 33.74 
(C-2 and C-4), 39.68 (C-1 and C-6), 71.25 (DUO), 127.17, 
128.36, 129.79 and 135.52 (aromatic carbon atoms), 171.17 
(amide C=Q ) and 175.76 (lactone C=0); 

mass spectrum l'1/Z 244 (i*I + -1); 

[Found: C, 65.5; H, 6.2; N, 5.5 J C 14 H 15 N0 3 . 0.55H 2 
(255.2) requires C, 65.9; H, 6.3; N, 5.5%]; 

TLC: Rf ■ 0.25 (solvent system H). 



Preparations leading to same amino suoar l.nt.nn 



es 



_ 2,3-(l-l> )e thyl e thvliden e)-D-ribonn-1.4-lactnn R ( -,A^ 
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"Tr 



Y 



(346) 

The general procedure (A) for acetalation was Used< 

Thus the title lactone was prepared from D-ribono-1 , 4- 

lactone (10.0 9, 66.5 mmole). Recrystallization from a 

mixture of 2-propanone and petrol ether 60-8(J° (1:10) 

gave an off-uhite solid (5.4 g, 28.6 mmole, 44%). 

m.p. 136-138° (lit. 308 m .p. 138-139°); 
f a l25 

J D -56.9° (0=0.52; pyr i dine ). [ lit .3D8 [a j24° 

-65.7° (0=2.13; pyridine)]; 

u max (CHBr 3 ) 35QD (OH) and 1760 cm" 1 (lactone C=0); 

* WR (60 MHz; CDC1 3 + DMSO-d 6 ) 1.35 and 1.40 (6H, 
2xs, C: CH|), 4 . 25 (2H> dd , 3 = 2 and 13 Hzj ^^^ 4 ^ 5 

(1H, d, 0=13 Hz, C-2H), 4.55 (1H, collapsed t, C-4H) and 
4.75 (1H, dd, 0=3 and 8 Hz, C-3H); 

Spm (200 MHz, CDC1 3 + pyridine-d 5 ) 1.32 and 1.41 
(6H, 2xs,Q^3), 4.23 (1H, dd, J = 2 and 10 Hz, C-5H b ) 
4.38 (1H, d, 3 = 10 Hz, C-5HJ, 4.58 (1H, d, 3 = 8 Hz, 
C-2H), 4. 68 (1H, t, J = 3 Hz, C-4H) and 4.92 (1H, dd, 0= 
3 and 8 Hz, C-3H); 
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6 C R (15 MHz; pyridine-d 5 ) 22.59 and 24.54 ( ^cC C fc 



ch } 



66.08 (C-5), 68.22 (C-3), 72.20 (C-2), 75.45 (C-4), 108.33 
(;c'J?) and 171.35 (lactone C=0 ) ; 



_-0 



TLC: Rf = 0.80 (solvent system H). 






2 t 3-(l- f'1ethylethylidene)-5-f ( 4-methyluheny 1 ) sulphonyl"] - 
D-ribono-1 ,4-lactone (347 ) 

This compound was prepared from 2, 3-( 1-methy lethylidene)- 
D-ribono-1 ,4-lactone (1.13 g, 5.97 mmole) by the general 
method [(L), conditions (ii)] for 0-sulphonation of alcohols. 
Thus the title sulphonate uas obtained as white crystals 
(1.73 g, 5. 03 mmole, 84,.'); 

m.p. 117° (lit. 308 m.p. 117.5-118°); 

[a]"; 5 -14.2 (C=0.46, acetone); [lit. 308 [a ] 2 f -15.8° 
(C=2.4, acetone)] ; 

u rnax ( CHC1 3 ) ^ 7Qa (lactone C=0), 1370 and 1160 cm" 1 
(3C 2 ); 

6 pm (200 PIHz; C0C1 + pyridine-d 5 ) 1.36 and 1.43 
CH 
(6H, 2xs,^cC ch 3 ), 2.43 (3H, s, Ch^Ph), 4.21 (1H, dd, J=2 

and 13 Hz, C-5H.), 4.40 (1H, d, J=13 Hz, C-5H. ), 4.61 (1H, 

d, 3=3 Hz, C-2H), 4.91 (1H, dd, 3 = 3 and 8 Hz, C-3H), 

4.99 (1H, d, 3 = 8 Hz, C-4H), 7.32 and 7.90 (4H, 2xd, 3=6 

and 6 Hz, aromatic protons); 

6 C[V!R ( 15 nHz > CDC1, + pyridine-d + dioxane) 21.48 

TH 

(CH Ph), 24.21 and 25.91 $C* 3 ), 67 .77 (C-5), 73.30 

LHt 

(C-3), 74.54 (C-2), 75.06 (C-4), 111.13 0,C_'°), 128.44 

130.01, 133.91, 145.57 (aromatic carbon atoms) and 177.40 
(lactone C_=0 ) ; 

TLC: Rf = 0.28 (solvent system J). 
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5-Azido-5-deoxy-2,3-( 1-methylethylidene)-D-ribono-1 ,4- 
lactone (348 ) 

The title azide uas prepared from 2, 3-( 1-methylethy- 
1 i dene )- 5- [ ( 4-methylphenyl) sulphonyl] -D- ri bono- 1 ,4- lac tone 
(1.76 g, 8.27 mmole)by the method of Hanessian 306 as a broun 
syrup (370 mg, 1.74 mmole, 21%); 

u max (Film) 2120 (N 3 ) and 1790 cm" 1 (lactone 0=0); 

S pm (200 FIHz; CDC1 3 ) 1.39 and 1.48 (6H, 2xs,^L\^ 3 ), 



3.70 (2H, dxq, 0=2 and 14 Hz, C-5H), 4.61 (1H, d, 
6 Hz, C-2H), 4.64 (1H, t, 3 = 3 Hz, C-4H), 4.83 (1H, d, 
3= 6 Hz, C-3H); 



=i 



- CH 3 



S W\R (15 mzi CDC1 3 ) 25 »52 and 26.69 ( ."C.^ 3 ), 52.53 

(CH 2 N), 75.26 (C-3), 78.25 (C-2), 80.40 (C-4), 7l3.B6 

'0 
(-C. Q ) and 174.08 (lactone C=0); 

TLC: Rf = 0.5 (solvent system H). 

The product uas still contaminated uith N, N-dimethyl- 
formamide (ca, 0.7 equivalent). 



5-Amino -5-deoxv-D-ribono-1.4-lactone hydrochloride (349 ) 

The general procedure (0) for hydrogenation of azide 
uas used. Thus the title hydrochloride uas prepared from 
5-azi do-5-deoxy-2, 3- (1 -methyl ethyli dene )-D-ribono- 1,4- 
lactone (400 mg, 1.88 mmole) as a broun hygroscopic solid 
(300 mg, 1.64 mmole, 87%); 

u max < Nu J Dl ) 37D0 to 2200 (^ 3 ) and 1770 cm" 1 (lactonf 
C=0); 

flp|¥)R (200 MHz; D 2 Q + TSP) 3.42 (2H, dxq, J = 2 and 

14 Hz, C-5H), 4.43 (1H, d, 3 = 6 Hz, C-2H) 4.85 Uh, C-3H 
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and C-4H, obscured under 0^0 peak); 

S cm (50 MHz; D 2 + T5P) 45.17 (CHgN), 72.27 (C-3), 
74.31 (C-2), 76.83 (C-4) and 177.74 (lactone C=0); 

TLC: Rf « (solvent system H). 



4,6-(l-nethvlethvli dene)-D-Qlucono-1.5-lactone (356 ) 




(356) 



The general procedure (A) for acetalation was Followed. 
Thus the title compound uas prepared form D-glucono-1 , 5- 
lactone (11.3 g, 63.5 mmole) as a golden yellow syrup 
(13.7 g, 63.5 mmole, 100%); 

[a] Q +2.59° (C=1.16, EtOAc); 

u max ( film ) 34 ?5 (OH) and 1715 cm" 1 ( 6-lactone C=0); 

<5 pnR (200 PlHz; CDC1 3 ) 1.4 and 1.44 (6H, 2xs, CH„-C-CHj, 
3.02 (1H, d, 3 = 8 Hz, C-3-QH; disappeared upon deuteration) , 
3.94-4.16 (3H, m, C-4H abd C-6H), 4.22 (1H, dd, 3 = 1.5 
and 8 Hz, C-2H), 4.34 (1H, d, 3 = 8 Hz, C-3H)and 4.48 [1H, 
ddd, 3 = (1.5, 8, 1.5 and 8 Hz), C-5H] ; 



^CMR 



(50 MHz; CDC1 3 ) 26.83 and 27.23 (CH -C-CH„), 



".89 (C-6), 69.53 (C-5), 76.60 (C-3), 77.35 (C-4), 80.97 
(C-2), 110.03 (CH 3 -C-CH 3 ) and 172.95 (C=0)| 
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[Found: C, 53.8; H, 7.5 | Cg H^ Qf . . 1 mo i e of 
C 5 H 12 D 2 ( 322 - 2 ) requires C, 52.2; H, i.tjSjj 
G.C. at 230° : ft = 2 .3 min.; 
TLC: Rf = 0.82 (solvent system H). 



2-Acetyl-4 f 6-(l- methv ,l R t.hvlid e n e -)-n- c , T . y thro-2-hexenon t 
1i5-lactone (357 ) " 




(357) 
Using the general procedure (C) for O-acetylation 
of alcohols, this compound uas prepared from 4,6-( 1-methyl- 
Bthylidene)-D- g lucono-1,5-lactone ( 2.0 ,. 9.2 mmole). 
The crude product obtained uas purified by , ilica gel ^^ 
chromatography. The fractions eluted, which contained 
the required product, uere combined and evaporated to 
leave the title acetate as an almost colourless syrup, 
uhich crystallized on drying (1.73 g, 7.2 mmole, 77^); 
m.p. 57-58°; 

[«] D +33.27° (C=0.49, EtOAc); 

%ax ( film ) 17 «° (acetate C=0), 1730 (s-lactone C=0) 
and 1640 cm" 1 (C=C); 

«p„ R (200 .Hz; CDC1 3 ) ,.38 and ,.44 (6H, .„, CHj-C-CH,) 
2-20 (3H, ., CH 3 C=0), 3.8-4.3 (3H, „,, C-8H and C -6H). 4.46 
tlH. dd, 3 = 2 and 8 Hz, C-4H), 5.30 (,H, d, = 2 Hz, C-3H); 
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6 CpqR (50 FIHz; C0C1 3 ) 20.53 (CH 3 C=Q), 25. D8 and 
26.72 (CH 3 -C-CH 3 ), 67.66 (C-6), 70.99 (C-5), 76.59 
(C-4), 109.88 (CH 3 -C-CH 3 ), 110.46 (C-3; C=C), 
167.93 (acetate C=0) and 169.92 (^-lactone 
C=0); 

[Found: C, 54.3; H, 7.2 ; C^H^0 6 . 0.2H 2 (244.0) 
requires C, 54.1; H, 5.9%]; 

G.C. at 220° : Rt = 5.8 min.; 

TLC: Rf = 0.55 (solvent system F) . 



4 ,6-(l-[*lethylethv li dene) -2- l" ( 4-methylphenyl ) -sulphonyl] 
-D-ervthro-2-hexenono-1 ,5-lactone (358) 

This compound eas prepared by the general procedure 
[(L), conditions (ii)] for 0-sulphonation of alcohols. 
Thus 4,6-(l-methylethylidene)-D-glucono-1,5-lactone (2.0 g, 
9.2 mmole) reacted with 4-methylbenzenesulphonyl chloride 
to give the title sulphonate as a light yellow syrup, 
which crystallized out on storage in the refrigerator 
(2.5 g, 7.1 mmole, 77%); 

m.p. 61-64°; 
|25 



[oc] D 5 +49.79° (C=0.47, EtOAc); 



'max 



(film) 1725 (C=0), 1625 (C=C), 1350 and 1167 



cm -1 (S0 2 ); 



PPl 



R (200 mz; C0C1 3 ) LSI and 1.48 (6H, 2xs, CH-C-CH-), 



2.47 (3H, s, ArCH 3 ), 3.8-4.21 (3H, m, C-5H and C-6H), 4.5 
(1H, dd, 3 = 2 and 8 Hz, C-4H), 5.18 (1H, d, J * 2 Hz, 
C-3H), 7.36 and 7.89 (4H, 2xd, J = 8 Hz, aromatic protons); 

6 CMR (5 ° mz '> CDC1 3 ) 2 1-62 (ArCH 3 ), 25.17 and 27.39 
(CH 3 -C-CH 3 ), 67.84 (C-6), 76.47 (C-5), 77.14 (C-4), 
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110.07 (CH 3 -C-CH 3 ), 110.04 (C-3; C=C), 128.12, 
129.68, 133.54 and 145.09 (aromatic carbon atoms) and 
167.05 (C=0); 

[Found: C, 53. 3j H, 5.1 ; C^H^S . 0.1 (C^^) 
(372.0) requires C, 53.3; H, 5,2%]; 

TLC: Rf = 0.6 (solvent system J). 
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